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ERIC 


DEPARTMENT  OF  THE  AIR  FORCE 

USAF  TECHNICAL  TRAINING  SCHOOL  (ATC) 

SHEPPARD  AIR  FORCE  BASE,  TEXAS  76311 


PLAN  OF  INSTRUCTION  J3ABR56631  000 

(POS  Code  AWT) 
4  June  1984 


FOREWORD 


1.  PURPOSE:    This  publication  is  the  plan  of  instruction  (POD  when  the  pages 
listed  on  page  A  are  bound  fnto  a  single  volume.   When  separated  into  units  of 
instruction,  it  becomes  the  lesson  plan/part  Ic    The  POI  contains  the 
qualitative  requirements  for  course  J3ABR56631  000,  Environmental  Support 
Specialist,  in  terms  of  objectives  for  each  unit  of  instruction  and  shows 
planned  time,  training  standard  correlation,  and  support  materials  and  guidance. 
This  POI  was  developed  according  to  ATC  52-18. 

2.  COURSE  DESIGN/DESCRIPTION:    The  instructional  design  for  this  course  is 
Group/Lock  Step.  This  course  trains  airmen  to  perform  duties  prescribed  in  AFR 
39-1  for  Apprentice  Environmental  Support  Specialist,  AFSC  56631.  Training 
included  an  introduction  to  water  and  wastewater  processing,  instruction  in 
water  and  wastewater  analysis,  operating  principles  of  water  treatment  plants, 
operating  principles  of  wastewater  treatment  plants,  and  maintenance  of  water 
and  waste  processing  system  components.    In  addition,  military  training  on 
traffic  safety  education,  commander's  calls  and  physical  conditioning. 

3.  REFERENCES:    This  POI  is  based  on  Specialist  Training  Standard,  566X1, 
Feb  79  and  Course  Chart  J3ABR56631  000,  7  Jun  83. 

4.  Deviation  from  the  sequence  of  instruction  listed  in  this  POI  is  authorized 
when  it  is  necessary  to  minimize  the  detrimental  effect  of  adverse  weather, 
inoperative  equipment,  or  other  factors  of  temporary  duration  which  would 
otherwise  cause  training  deficiencies. 


Commander,  3770  Technical  Training  Group 


Supersedes  POI  J3ABR56631,  9  February  1983 
OPR:    Electrical  Branch 
Prepared  by:    James  W.  Phillips 
DISTRIBUTION:    Listed  on  Page  A 


ERIC 


J3ABR56631  000,  4  June  1984  is  changed  as  follows: 

1.  Remove  replaced  or  deleted  pages  and  Insert  changed  and  new  pages  according 
to  listing  on  page  A. 

2.  The  asterisk  (*)  indicates  that  the  page  is  a  replacement  or  addition  or  has 
been  changed  by  this  change  notice. 


WILLIAM  W.  MILLER,  'co^l ,  USAF 


Commander  3770  Technical  Training  Group 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  I 


OF  INSTRUCTOR 


COURSE  TITLE 

Environmental  Support  Specialist 


BLOCK  TITLE 

Environmental  Fundamentals  and  Support  Equipment 


COURSE  CONTENT 


Z  TIME 


1.    Course  Orientation 

a.  Welcome 

b.  TDY  Student  Processing 

(1)  Necessity  of  clearirig  through  in-processing 

(2)  Instructions  for  completion  of  STTC  Form  120 

(3)  Attendance  is  mandatory  unless  officially  excused 

(4)  Student  departure  from  training  for  personal  reasons: 
A  TOY  military  or  civilian  student  who  abandons  his  or 
her  training  mission  prior  to  completion,  for  personal 
reasons,  will  be  responsible  for  part  or  all  of  the 
travel  and  living  expenses,    (Ref:    Joint  Travel  Regu- 
lations, paragraph  C4464  for  civilian  personnel  and  the 
Comptroller  General  Decision,  49  Comp  Gen  663,  for 
military  members,) 

c.  Overview  of  Course  Content  and  Administration 

d.  Types,  Use,  and  Care  of  Training  Literature 

e.  Effective  Study  Techniques 

f.  Benefits  of  Community  College  of  the  Air  Force 

g.  Exercises,  General  Safety,  and  Conservation  While  in  the 
Training  Areas 

h.  Branch/ Course: 

(1)  Policies  and  directives  pertinent  to  attendance  in 
technical  training  courses, 

(2)  Contact  who  will  assist  the  student  in  resolving 
problems  during  duty  hours, 

(3)  What  is  expected  of  students  in  school. 
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Day  1 
(2) 


SUPERVISOR  APPROVAL  OF  LESSON  PLAN 


SIGNATURE  AND  DATE 


SIGNATURE  AND  DATE 


POI  NUMBER 

J3ABR56631  000 


EKLC 


BLOCK 
I 


UNIT 
1 


JUN  78 


133 


DATE 

4  June  1984 


PREVIOUS-ECITION  OBSOLETE 


PAGE  NO. 
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(4)  School  schedules. 

(5)  School  grading;  student  testing,  progress  checks, 
and  student  recognition  program 

(6)  Washback,  proficiency  advancement,  special  individual 
assistance,  counseling  and  elimination. 

(7)  Proper  dress  and  personal  appearance  while  in  training 
areas. 

i.    Student  Critique  Program 
j»    Fraud,  Waste  and  Abuse 
k.    Sexual  Harassment 


SUPPORT  MATERIALS  AND  GUIDANCE 


Student  Instructional  Materials 

SW  J3ABK56631  OOO-I-l,  Course  TTpientation 

ATC  PT  52-11,  Study  Skills 

Training  Methods 
Lecture/Discussion  (i.5  hrs) 
Performance  (.5  hr) 

Instructional  Guidance 

Welcome  the  students  to  the  course.    Begin  orientation  and  distribute  SW, 
WB  and  PT.    Explain  the  course  and  class  name  and  number.    Give  an  overview 
of  the  course  and  explain  what  is  taught  in  each  area.    Have  the  students 
complete  orientation  exercise.    Show  students  the  fire  exits,  break  areas, 
tornado  shelter,  latrines  and  immediate  course  areas. 


J3ABR56631  000  I  I  4  June  1984 


EKLC 


PLAN  OF  INSTRUCTtON/LESSON  PLAN  PART  I 


COURSE  TITLC 


Environmental  Support  Specialist 


BLOCK  TITLE 

Environmental  Fundamentals  and  Support  Equipment 


1. 


Career  Ladder 


COURSE  CONTENT 


a.  Given  an  extract  from  AFR  39-1,  select  information  that 
•describes  the  duties  and  responsibilities  of  the  566X1  Career 
Field.  Four  of  the  five  must  be  correct.    STS:    lb     MEAS:  PC 

(1)  Specialty  Summary 

(2)  Duties  and  Responsibilities 

(3)  Qualifications 

b.  Using  the  566X1  career  field  ladder,  list  the  AFSC  titles 
and  the  methods  of  advancing  from  one  step  to  another.    Ten  of 
fourteen  must  be  correct.     STS:   j[a   MEAS:  PC 

(1)  AFS  code  digits 

(2)  Steps  of  an  AFSC  ladder 

(3)  Methods  of  upgrading  from  one  step  to  another 


Z  TIME 


(1) 


(1) 


SUPPORT  MATERIALS  AND  GUIDANCE 


Student  Instructional  Materials 

SW  J3ABR56631  000-1-2,  Career  Ladder 

Audio  Visual  Aids 

Training  Film:    FLC  7/100,  The  Gifts 

Training  Methods 
Lecture/Discussion  (1  hr) 
Performance  (1  hr) 

Instructional  Guidance 

Show  film.  The  Gifts,  before  starting  first  objective.  Discuss 
the  duties  and  responsibilities  as  described  in  AFP  39-1.  Discuss 
the  digits  that  make  up  an  AFSC.    Present  an  AFSC  ladder  and  dis- 
cuss how  each  step  may  be  obtained.  Discuss  the  training  required 
to  progress  through  the  career  field.    Use  progress  checklist  to 
evaluate  students. 


SUPERVISOR  APPROVAL  OF  LESSON  PLAM 


SIGNATURE  AND  DATE 

SIGNATURE  AND  DATE 

POl  NUMBER  BLOCK 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PARTI 


NAME  OF  INSTRUCTOR 


COURSE  TITLe 

Environmental  Support  Specialist 


BLOCK  TITLE 

Environmental  Fundamentals  and  Support  Equipment 


1. 


COURSE  CONTENT 


2.  TIME 


3.    Civil  Engineering  Management 

a.  Given  four  statements,  select  the  one  that  best  identifies 
the  BCE  mission.    SIS:    5a     MEAS^  PC 

(1)  Mission  of  CE  Units 

(2)  PRIME  BEEF 

(3)  RED  HORSE 

b.  Given  an  incomplete  BCE  organizational  structure  chart, 
complete  the  chart  by  writing  the  names  of  the  missing  functional 
areas  in  the  appropriate  spaces.    Three  of  five  must  be  correct. 
STS:    5a     ME AS:  PC 

(1)  Branches 

(2)  Sections 

(3)  Units 

c.  Using  a  representative  list  of  functions,  responsibilities 
and  a  list  of  CE  units,  match  the  functions  and  responsibilities 
to  the  CE  unit  to  which  they  apply.    Six  of  nine  must  be  correct. 
STS:    5b     MEAS:  PC 

(1)  Functions  and  responsibilities 

(2)  Units 

d.  Define  property  accountability  and  responsiblity. 
MEAS:  PC 

(1)  Pecuniary  liability 

(2)  Custodial  responsibility 

(3)  Property  accountability 

SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Material 

SW  J3ABR56631  000-1-3,  Civil  Engineering  Management 


STS:  5c 


(•25) 


(1) 


(.75) 


(1) 


SUPERVISOR  APPROVAL  OF  LESSON  PLAM 


SIGNATURE  AND  DATE 


SIGNATURE  AMD  DATE 


POl  NUM82R 

J3ABR56631  000 


BLOCK 


I 


UNIT 

3 


DATE 

12  May  86  (Chg) 


PAGE  NO. 

5 


c 


ATC 


FORM 
JUN  7B 


PREVIOUS  EDITION  OBSOLETE 


10 


Training  Methods 
Lecture/Discussion  (1.5  hrs) 
Performance  (1.5  hrs) 

Instructional  Guidance 

Discuss  the  Base  Civil  Engineering  organizational  structure,  policy,  and 
function.    Discuss  the  pecuniary  liabilities,  property  accountability  and 
custodial  responsibilities  of  Air  Force  personnel.    Complete  PC  J3ABR56631 
000-I-3a,  b,  c,  d.    Use  progress  checklist  to  evaluate  students. 

Instructional  Reference  Material 

AFR  67-10,  Responsibility  for  Management  of  Public  Property  in  Possession  of 
the  Ai  r  Force 

AFR  85-10,  Operation  and  Maintenance  of  Real  Property 


J3ABR56631  000 


13  4  June  1984 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  I 


COURSE  TITLE 

Environmental  Support  Specialist 


BLOCK  TITLE 

Environmental  Fundamentals  and  Support  Equipment 


1. 


COURSE  CONTENT 


Z  TIME 


4.    Security  (OPSEC) 

a.    Given  information  pertaining  to  the  operational 
activities  related  to  AFSC  566X1,  select  three  activities  which 
indicate  OPSEC  vulnerabilities.    SIS:    2f     MEAS:  PC 

(1)  Secure  areas 

(2)  Contingency  operations 

SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Materials 

SW  J3ABR56631  QOO-I-4,  Security  (OPSEC) 

Training  Methods 
Lecture/Discussion  (.5  hr) 
Performance  ( .5  hr) 

Instructional  Guidance 

Discuss  the  vulnerabilities  of  the  Environmental  Support  Career 
Field  to  possible  OPSEC  violations  and  have  students  complete 
Progress  Check  J3ABR56631  000-I-4a,  Vulnerabilities  of  AFSC  56631  to 
OPSEC  Violations.    Use  progress  checklist  to  evaluate  students. 
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NAME  OF  INSTRUCTOR 


PLAN  OF  IHSTRUCTION/LESSOM  PLAN  PART  I 


COURSE  TITLE 

Environmental  Support  Specialist 


BLOCK  TITLE 

Environmental  Fundamentals  and  Support  Equipment 


1. 


COURSE  CONTENT 


riME 


5.    Technical  Publications 

a.  Use  numerical  indexes  and  requirement  tables,  locate  the 
title  of  a  manual,  a  regulation  end  a  technical  order  when  the 
numbers  are  known,  with  no  more  than  three  instructor  assists. 
STS:    3a    ME AS:  PC 

(1)  Purpose  of  technical  publications 

(2)  Types  of  technical  publications 

(3)  Identification  of  indexes 

(4)  How  to  u?e  the  indexes 

b.  Using  a  manual,  a  regulation,  a  technical  order  and  a 
commercial  publication,  find  the  answer  to  a  given  problem  with 
no  more  than  three  instructor  assists.    STS:  3b,  5h    MEAS:  PC 

(1)  Proper  use  of  technical  publications 

(2)  Identification  of  equipment  and  units 

(3)  Maintain  commercial  publication  file 

c.  Given  information  pertaining  to  a  technical  order  defi- 
ciency, select  the  action  that  should  be  taken  to  correct  the 
deficiency.    Three  of  the  four  must  be  correct.    STS:    3d    MEAS:  PC 

(1)  Who  is  responsible  for  reporting  technical  order 
deficiencies 

(2)  AFTO  Form  22 

d.  Using  the  parts  of  a  GSA  supply  catalog  and  an  incomplete 
list  of  stock  numbers  and  nomenclatures,  locate  and  list  the  miss- 
ing information  with  no  more  than  two  instructor  assists. 

STS:    3c     MEAS:  PC 

(1)  Purpose  and  advantages  of  supply  catalog 

(2)  Parts  of  a  supply  catalog 
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SIGNATURE  AHO  DATE 


SIGNATURE  AND  DATE 


POl  NUMBER 

J3ABR56631  000 


BLOCK 


UNIT 
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DATE 

4  June  1984 


PAGE  NO. 
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13 


(3)    How  to  use  a  supply  catalog 


SUPPORT  MATERIALS  AND  GUIDANCE 


Student  Instructional  Materials 
SG  AFS  53,  54,  55,  56,  Publications 

AFR  0-1,  Numerical  Index  of  Standard  and  Recurring  Air  Force  Publications 
AFR  39-1,  Airman  Classification  Regulation 

AFR  91-26,  Maintenance  and  Operation  of  Water  Supply,  Treatment  and 

Distribution  Systems 
AFM  91-32,  Operation  and  Maintenance  of  Domestic  and  Industrial  Wastewater 

Systems 

TO  0-1-01,  Numerical  Index,  Alphabetical  Index  Cross-Reference  Table 

TO  0-1-02,  General  Technical  Order 

TO  00-5-1,  Technical  Order  Systen 

TO  00-5-2,  Technical  Order  Distribution  System 

TO  40W4-9-1,  Operator  and  Organizational  Maintenance  Manual  WPU  Trailer 
Mounted  600GPH 

TO  40W4-9-14,  Organizational  Maintenance  Repair  Parts  and  Special  Tool  Lists, 
TO  40W4-13-1,  Water  Purification  Unit,  Reverse  Osmosis  600GPH  Trailer 
Mounted 

AFTO  Form  22,  Technical  Order  System  Publications  Improvement  Report  and 
Reply 

GSA  Catalog 


Training  Methods 
Lecture/Discussion  (3.0  hrs) 
Performance  (3.0  hrs) 

Instructional  Guidance 

Discuss  the  TO  system  and  how  to  identify  and  use  the  indexes.  Assist 
students  in  locating  publication  information  pertaining  to  Progress  Checks. 
Explain  the  Air  Force  regulation  and  manual  system  and  how  to  use  Air  Force 
Regulation  0-2.    Explain  the  purpose  and  use  of  regulations,  manuals,  and 
commercial  publications.    Explain  the  GSA  catalogs  and  how  to  use  them. 
Assign  Progress  Checks.    Use  progress  checklist  to  evaluate  student. 


J3ABR56631  000  I  5  12  May  86  (Chg) 10 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  1 

NAMEOF  INSTRUCTOR 

COURSE  TITLE 

Environmental  Support  Specialist 

SLOCK  TITLE 

Envi  rormiental  Fundamentals  and  Support  Equipment 

1.                                                               COURSE  CONTENT 

Z  TIME 

6.    Safety  Program  and  Accident  Prevention 

a.  Identify  two  basic  facts  about  the  Air  Force  Safaty  and 
Accident  Prevention  Program.    STS:    6a      ME AS:  PC 

(1)  Purpose  of  the  safety  program 

(2)  Consequence  of  unsafe  acts 

(3)  Main  points  in  the  accident  prevention  program 

b.  Given  a  list  of  shop  and  plant  safety  hazards,  write  the 
method  of  eliminating  each  hazard  in  accordance  with  Air  Force 
directives  with  no  more  than  one  instructor  assist.    STS:  eb 
MEAS:  PC 

(1)  General  shop  and  plant  safety  hazards 

(2)  Specific  shop  and  plant  safety  hazards 

(3)  The  use  of  protective  clothing  and  equipment 

SUPPORT  MATERIALS  AND  GUIDANCE 

2 

Day  3 
(.5) 

(1.5) 

Student  Instructional  Materials 

SG  AFS  54,  55,  and  56,  Safety,  All  Courses 

Training  Methods 
Lecture/Discussion  (1  hr) 
Performance            (1  hr) 

Instructional  Guidance 

Explain  the  purpose  and  advantages  of  a  good  safety  and  accident 
prevention  program.    Discuss  general  ground  safety  and  hazards  in 
and  around  water  and  wastewater  plants.    Explain  the  proper  care  and 
utilization  of  shop  tools  and  equipment.    Emphasize  the  removal  of 
all  jewelry.    Use  progress  checklist  to  evaluate  students. 

Instructor  Reference  Materials 

AFR  91-26,  Maintenance  and  Operation  of  Water  Supply,  Treatment  and 

Distribution  Systems 
AFM  91-32,  Operation  and  Maintenance  of  Domestic  and  Industrial 

Wastewater  Systems. 
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MAME  OF  INSTRUCTOR 


PLAN  OF  IMSTRUCTION/LESSON  PLAN  PART  I 


COURSE  TITUE 


Environmental  Support  Specialist 


BLOCK  TITLE 


Environmental  Fundamentals  and  Support  Equipment 


COURSE  OONTENY 


Tl    Corrosion  Control  ^— ^— ^— - 

a.  Using  information  pertaining  to  corrosion,  list  the  causes 
and  the  types  of  corrosion.  Five  of  eight  must  be  correct.    STS:  Sj 
MEAS:  PC 

(1)  Corrosion  Process 

(2)  Types  of  Corrosion 

b.  Identify  the  three  methods  used  to  control  the  corrosion 
process .    STS :    5^  MEAS:  PC 

(1)  Design 

(2)  Cathodic  Protection 

(3)  Protective  Coating 

SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Material 

SW  J3ABR56631  000-1-7,  Corrosion  Control 


Z  TIME 


7~ 

)ay  3 
(2) 


Audio  Visual  Aids 


28117,  An  Ounce  of  Prevention 

TF6142,  Public  Works  Utility  Corrosion  Protection 


Training  Film: 
Training  Film: 

Training  Method 
Lecture/Discussion  (3  hrs) 
Performance  (1  hr) 

Instructional  Guidance 

Discuss  the  factors  and  the  types  of  corrosion  and  the  methods  of 
preventing  corrosion.    Name  the  types  and  explain  the  principles  of 
operation  of  each  type  of  cathodic  protection.    Emphasize  the  main 
points  to  look  for  in  the  training  films.    Show  the  training  films. 
Have  students  complete  the  progress  check.    Use  progress  checklist 
to  evaluate  students. 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  I 


COURSE  TITLE 

Environmental  Support  Special i 


St 


BLOCK  TITLE 

Environmental  Fundamentals  and  Support  Equipment 

1. 


COURSE  CONTENT 


Hand  and  Special  Tools 

a.  Given  a  list  of  tasks  and  a  list  of  tools,  select  the  tool 
that  should  be  used  to  complete  each  task.    STS:    7a     MEAS:  PC 

(1)  Types  of  common  handtools 

(2)  Uses  of  tools 

(3)  Safety  of  tools 

(4)  Care  of  tools 

(5)  Tool  inventory 

b.  Given  an  electric  grinder,  a  checklist  and  handtools,  per- 
form the  required  inspection  and  maintenance  on  the  grinder  with  no 
more  than  one  instructor  assist.    STS:    7b    MEAS:  PC 

(1)  Inspection  requirements 

(2)  Maintenance  requirements 

*   Physical  Conditioning 

SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Material 

SW  J3ABR56631  000-1-8,  Hand  and  Special  Tools 

Audio  Visual  Aids 

Training  Film:    TF  1-4603  ABCs  of  Handtools 

Training  Method 
Lecture/Di scussion  (1.5  hrs) 


Demonstration 
Performance 


(.5  hr) 
(1.0  hr) 
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Instructional  Guidance 

Identify  and  discuss  common  handtools,  their  purpose  and  the  correct  way  to 
use  them.  Emphasize  that  there  is  a  right  tool  for  each  job  and  you  must  use 
the  right  tool.  Show  the  film  and  give  a  brief  demonstration  on  how  to  use 
handtools  using  parts  of  the  pump  trainer  as  demonstration  support  equipment. 
Complete  progress  check  on  handtools.  Stress  safety  when  working  with  tools. 
Use  progress  checklist  to  evaluate  students.  The  instructor  will  assist  with 
the  most  difficult  parts  of  the  task. 
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MAKEOF  INSTRUCTOR 


PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  I 


COURSE  TiTLE 

Environmental  Support  Specialist 


BLOCK  TITLE 

Environmental  Fundamentals  and  Support  Equipment 


1. 


COURSE  CONTENT 


Ti    Operation  and  Maintenance  of  water  and  wastewater  Treatment 
Support  Equipment 

a.  Given  four  control  devices,  identify,  inspect,  and  state 
the  function  and  operation  of  each.    STS:    lla(5),  llb(5)    MEAS:  PC 

(1)  Purpose  of  control  devices 

(2)  Types  of  control  devices 

(3)  Function  and  operation  of  control  devices 

(4)  Preventative  maintenance  procedures 

b.  Identify  the  purpose,  operating  features  and  operator  main- 
tenance requirements  for  air  compressors.    Three  of  the  five  must  be 
correct.    STS:    lla(8),  llb(8)  MEAS:  PC 

(1)  Purpose  of  air  compressors 

(2)  Operating  features 

(3)  Operator  maintenance 

c.  Using  AFR  91-26,  list  the  purposes,  types  and  inspection 
procedures  for  water  storage  tanks.    STS:    lla(9),  llb(9)    MEAS:  PC 

(1)  Purposes  of  storage 

(2)  Types  of  storage  tanks 

(3)  Inspection  of  storage  tanks 

d.  Given  a  set  of  incomplete  statements  about  various  valves, 
make  written  responses  to  Identify  each  valve-    Seven  of  the  ten 
must  be  correct.        STS:    lla(2)    MEAS:  PC 

(1)  Purpose  of  valves 

(2)  Types  of  valves 

(3)  Valve  components 


Z  TIME 


38 
Day  4 

(2) 


(1) 


(1) 


(1) 
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e.  Given  a  check  valve,  disassemble,  Inspect,  and  reassemble  (1<5) 
the  valve  with  no  more  than  one  Instructor  assist.    STS:  llb(2) 

MEAS:  PC 

(1)  Types  of  check  valves 

(2)  Maintenance  of  check  valves 

f.  Using  a  gate  valve  on  the  pump  trainer,  remove  and  replace  (1»5) 
the  valve  packing  to  prevent  water  leakage,  with  a  maximum  of  two 
Instructor  assists.     STS:    llb(2)     MEAS:  PC 

(1)  Replace  packing 

(2)  Maintenance 

Day  5 

g.  Using  AFR  91-26  and  Information  pertaining  to  electric  motors  (3) 
and  power  connectors,  list  the  operational  checks  and  operator  main- 
tenance requirements  for  the  motors  and  connectors.    STS:    6b,  7b, 
lla(7),  llb(7)     MEAS:  PC 

(1)  Operational  checks 

(2)  Power  connections 

(3)  Maintenance 

h.  Given  Information  pertaining  to  chemical  feeders.  Identify  (1.5) 
the  three  types  of  chemical  ftaders  by  completing  written  statements. 

STS:    lla(3)(a),  lla(3)(b),  lla(3)(c)     MEAS:  PC 

(1)  Purpose  of  chemical  feeders 

(2)  Types  of  chemical  feeders 

1.    Given  chemical  feeders  and  working  as  a  team.    Perform  the  (2.5) 
required  maintenance  on  the  chemical  feeders  with  a  maximum  of  five 
Instructor  assists.    STS:    llb(3)(a),  llb(3)(b).  llb(3)(c)     MEAS:  PC 

(1)  Safety  precautions  and  tool  selection 

(2)  Preventive  maintenance 

(3)  Disassemble/ Inspect/Reassemble 
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*    Physical  Conditioning 


(1) 


j.    Given  information  pertaining  to  different  types  of  Day  6 

measuring  devices,  write  the  function  and  application  of  each  (3.5) 
and  record  a  meter  reading.    Five  of  the  seven  must  be  correct 
STS:    Ua(4)    MEAS:  PC 

(1)  Types  of  measuring  devices 

(2)  Reading  meters/recorders 

k.    Given  a  meter,  disassemble,  inspect  and  reassemble  the  (1.5) 
meter  using  a  checklist  or  manufacturer's  brochure  with  no  more 
than  one  instructor  assist.    STS:  llb(4)  MEAS:  PC 

(1)  Servicing  meters/recorders 

(2)  Disassembly/reassembly  procedures 

1.    Monitor  the  operation  of  selected  backflow  preventers  (2) 
and  list  four  methods  of  backflow  prevention  with  no  more  than 
one  instructor  assist.    STS:    12b(l)    MEAS:  PC 

(1)  Backflow 

(2)  Cross  connection 

(3)  Hazards 

(4)  Types  of  backflow  preventers 

m.    Given  four  types  of  backflow  preventer  malfunctions,  (1.5) 
select  the  maintenance  required  to  correct  the  malfunction. 
Three  of  four  must  be  correct.    STS:    12c(l)     MEAS:  PC 

(1)  Operation 

(2)  Maintenace 


EKLC 


J3ABR56631  000 


I  r     ■     12  May  86  (Chg) 


n.  Using  AFR  91-26,  list  three  operational  services  which  (1,5) 
are  common  to  standby  engines.    STS:    lla(6),  l-lb(6)    MEAS:  PC 

(1)  Use  of  standby  engines 

Day  7 

(2)  Operational  checks 

0.    Given  a  list  of  pump  types  and  a  list  of  pump  chacter-  (3) 
istics,  match  the  pump  type  to  its  chacteristic.    Three  of  five 
answers  must  be  correct.     STS:  lla(l)    MEAS:  PC 

(1)  Purpose  of  pumps 

(2)  Types  of  pumps 

p.    Using  the  sewage  lift  station  trainer  and  working  as  (3) 
a  team,  monitor/operate  the  trainer  in  accordance  with  stan- 
dard operating  procedures,  with  no  more  than  two  instructor 
assists.    STS:    12d(l)  12d(2)    MEAS:  PC 

(1)  Purpose  of  operation 

(2)  Principles  of  operation 

(3)  Types  of  lift  stations 

(4)  Safety 

(5)  Operation  of  the  trainer 

q.    Using  the  sewage  lift  station  trainer,  and  working  (2) 
as  a  team,  perform  operator  inspection  and  maintenance  on 
the  trainer  in  accordance  with  a  checklist,  with  no  more 
than  two  instructor  assists.    STS:    12d(3)    MEAS:  PC 

(1)  Safety  items 

(2)  Preoperation  inspection 

(3)  Maintenance  procedures 
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*r.    During  a  field  trip  to  the  base  water  and  wastewater       Day  8 
facilities,  use  a  checklist  to  monitor  and  inspect  the  support  (7) 
equipment.    Students  checklist  must  correspond 'to  60%  of 
instructor's  evaluation  of  the  facility.    STS:    lla(l),  lla(2), 
lla(3)(a),  lla(4),  lla(5),  lla(6),  lla(7),  lla(9),  llb(3)(a), 
llb(3)(c),  llb(6),  llb(7),  llb(9)    TCAS:  PC 

(1)  Safety  procautions  to  be  observed 

(2)  Preview  of  water  facility 

(3)  Preview  of  wastewater  facility 

(4)  Monitor  and  inspect  water  treatment  equipment 

(5)  Deficiencies  noted  and  corrective  actions 
recommended 

(6)  Monitor  and  inspect  wastewater  treatment  equipment 

(7)  Deficiences  noted  and  corrective  action  recommend. 

*  Physical  Conditioning  (1) 

*  In  case  of  inclement  weather  or  unavailability  of  trans- 
portation, the  class  schedule  will  be  altered  so  that  the  field 
trip  can  be  taken  when  weather  moderates  or  transportation  can 
be  arranged. 

SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 

SW  J3ABR56631  000-1-9,  Operation  and  Maintenance  of  Water  and 
Wastewater  Support  Equipment 

Training  Equipment 
Lift  Station  Trainer 
Water  Pump  Trainer 

Bench  Items  -  control  devices,  water  meters,  valves,  drive 

equipment 
Gas  Chemical  Feeder  and  Trainer 
Solution  Feed  Trainer 

Audio  Visual  Aids 

Training  Film:    fSSZ,  Water,  Water  Everywhere 
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Training  Methods 

Lecture/Discussion  (14  hrs) 

Demonstration  (4  hrs) 

Performance  (20  hrs) 


Instructional  Guidance 

Discuss  and  demonstrate  the  operation,  service  and  adjustment  of  control 
devices.    Distribute  the  devices  among  the  students  to  view.    Discuss  and 
explain  the  types,  purpose  and  maintenance  procedures  of  air  compressors, 
storage  tanks,  and  the  corrosion  prevention  of  steel  tanks.    Show  films 
about  backflow  prevention.    Take  the  class  to  room  37  to  monitor  the  opera- 
tion of  backflow  preventors  using  the  backflow  trainer.    Explain  and  discuss 
drive  equipment,  electric  motors  and  the  safety  and  maintenance  requirements 
involved  with  each  item.    Show  the  available  support  and  drive  equipment  to 
the  students.    Discuss  and  demonstrate  the  procedures  and  what  to  look  for 
during  an  inspection  of  drive  equipment  and  motors  using  the  pump  trainer. 
Explain  the  types,  purpose  and  maintenance  of  chemical  feeders,  meters,  and 
metering  devices,  recorders,  valves,  engines  and  pumps.    Distribute  the  var- 
ious visual  aids  to  the  students  to  enforce  learning  concept.    Discuss  the 
operational  procedure  of  each.    Have  students  perform  on  a  cnemical  feeder, 
meter  and  valve.    Explain  and  operate  the  sewage  lift  station  trainer.  Go 
on  a  field  trip  to  the  base  water  and  wastewater  facilities.    Explain  and 
discuss  the  plant  components  and  support  equipment.    Have  students  complete 
the  study  guide/workbook  and  progress  check  while  on  the  fieldtrip.  Stress 
safety  while  operating  the  trainers  and  during  the  field  trip  include  health 
hazards  and  personal  hygiene.    Use  progress  checklist  to  evaluate  students 
when  they  complete  workbooks. 


EKLC 
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NAME  OF  INSTRUCTOR 


PLikN  OF  INSTRUCTION/LESSON  PLAN  PART  I 


BLOCK  TITLE 

Environmental  Fundamentals  and  Support  Equipment 


COURSE  TITLE 

Environmental  Support  Special 


ist 


K  ^   COURSE  CONTENT 

Tol    Pump  and  Equipment  Maintenance 


a.  Given  a  centrifugal  pump,  and  working  as  a  team,  disas* 
semble,  inspect  and  reassemble  the  pump  with  no  more  than  two 
instructor  assists,    SIS:    5h,  6b,  7a,  lla(l),  llb(l)      MEAS:  PC 

(1)  Inventory  and  select  the  proper  tools 

(2)  Pump  disassembly 

(3)  Pump  reassembly 

b.  Using  the  water  (pump)  trainer  and  working  as  a  team, 
remove,  disassemble,  inspect,  reassemble  and  install  the  pump  to  its 
operating  condition  with  no  more  than  two  instructor  assists, 

SIS:    6b,  7a,  7b,  lla(l),  llb(l)     MEAS:  PC 

(1)  Pump  and  Water  Trainer 

(2)  Remove  and  disassemble  pump 

(3)  Inspect 

b.    Continued  from  Day  9 

(4)  Reassemble  and  install  pump 

(5)  Operate  pump  trainer 

(6)  Tool  inventory/clean  area 

SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Material 

SW  J3ABR56631  OOO-I-IO,  Pump  and  Equipment  Maintenance 
Aucflo  Visual  Aids 

Training  Film:    CFS  56/5  Centrifugal  Pump  Maintenance 


SUPERVISOR  APP/?OVAL  OF  LESSON  PLAN 


SIGNATURE  AND  DATE 


JUM  78 


StGWATURg  AND  DATE 


133 


PREVIOUS  EDITION  OBSOLETE 


25 


Z  TIME 


13 
Day  9 
(6) 


(2) 


Day  10 

(5) 


POl  NUMBER 

J3ABR56631  000 

BLOCK 
I 

UNIT 
10 

DATE 

12  May  86  (Chg) 

PAGE  NO. 

23 

Training  Equipment 
Centrifugal  Pumps 
Handtool s 
Pump  Trainer 

Training  Methods 

Lecture/Discussion  (3  hrs) 

Demonstration  (1  hr) 

Performance  (9  hrs) 

Multiple  Instructor  Requirements 
Equipment  and  Facilities  -  2 

Instructional  Guidance 

Show  the  film  on  pump  maintenance  and  repair.    Divide  the  class  into  two 
groups  of  two  students  each  and  assign  each  group  to  a  pump.    Check  the 
pump  after  disassembly  to  make  sure  all  the  parts  are  serviceable.  Check 
the  pump  after  reassembly  to  insure  correct  assembly  and  that  the  shaft 
turns  freely.    Have  students  remove  the  operating  pump  from  the  trainer 
and  install  the  previously  reassembled  pump.    Operate  the  pump  and  check 
for  leaks;  stop  runy  leaks  found.    Use  performance  checklist  to  evaluate 
students. 

MIR:    The  class  is  divided  into  six  teams,  two  members  each,  during  the 
pump  performance  projects.    Two  instructors  are  required  to  provide  the 
teams  with  individual  assistance  and  instructions  while  they  work  on 
the  pumps.    Continuous  class  supervision  is  required  for  each  team  to 
preclude  damage  to  the  equipment,  correct  procedures  and  safety  factors. 

11.    Written  Test  and  Test  Critique  (2) 

*       PHYSICAL  CONDITIONING  (1) 


DENOTES  MT 
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PLAN  OF  INSTRUCTION/LESSON  PLAK  PART  I 


NAME  OP  INSTRUCTOR 


COURSE  TITLE 

Environmental  Support  Specialist 


BLOCK  TITLE 

Water  and  Wastewater  Analysis 


COURSE  CONTENT 


Z  TIME 


1.    Related  Mathematics 

a.  Solve  problems  in  addition,  subtraction,  multiplication,  and 
division  of  whole  numbers.    STS:    8a    MEAS:  PC 

(1)  Need  for  mathematics  in  the  environmental  support  field 

(2)  Review  of  arithmetic 

b.  Solve  problems  in  addition,  subtraction,  multiplication,  and 
division  of  decimals.    STS:    8a    MEAS:  PC 

(1)  Definition  of  a  decimal 

(2)  Reading  decimals 

(3)  Rules  for  working  with  decimals 

(4)  Rounding  off  decimals 

c.  Solve  problems  in  addition,  subtraction,  multiplication,  and 
division  of  fractions.    STS:    8a      MEAS:  PC 

(1)  Definition  of  a  fraction 

(2)  Types  of  fraction 

(3)  Reading  fractions 

(4)  Conversion  of  fractions  to  decimals 

(5)  Conversion  of  decimals  to  fractions 

(6)  Rules  for  solving  problems 

d.  Given  the  formulas,  dimensions,  and  a  geometric  figure  of  a 
square,  rectangle  and  circle,  compute  the  area  of  each.     STS:  8a 
MEAS:  PC 

(1)  Computing  the  surface  area  of  a  square 

(2)  Computing  the  surface  area  of  a  rectangle 


10 
Day  11 

(1) 


(1) 


(1.5) 


(1.5) 
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(3)    Computing  the  surface  area  of  a  circle 


e.  Given  the  formulas,  dimensions  and  a  geometric  figure  (1-5) 
of  a  square,  rectangle  and  cylinder,  compute  the  volume  of 

each.    STS:    8a   MEAS:  PC 

(1)  Computing  the  volume  of  a  cube 

(2)  Computing  the  volume  of  a  rectangle 

(3)  Computing  the  volume  of  a  cylinder 

(4)  Computing  the  volume  of  a  pool 

f.  Given  problems  pertaining  to  a  typical  water  supply  (1.5) 
system  and  a  maximum  of  three  instructor  assists,  follow  the 

correct  procedures  to  complete  each  problem.    STS:  8a 
MEAS:  PC 

(1)  PSI  in  a  given  container 

(2)  Pumping  rate  of  a  water  pump 

(3)  Gallons  of  water  in  a  given  container 

(4)  Weight  of  one  gallon  of  water 

(5)  Chemical  computation 


Day  12 


g.  Given  the  temperature  conversion  formulas,  convert  (2) 
temperatures  between  the  metric  and  English  systems.    STS:  8a 
MEAS:    PC  ~ 

(1)  Reason  for  conversion 

(2)  Temperature  conversion 

SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Inst ruction^   Materi al s 

SW  J3ABR56631  000-11 Related  Mathematics 


Training  Methods 
Lecture/Discussion  (4  hrs) 
Performance  (6  hrs) 

Instructional  Guidance 

Discuss  the  need  for  a  refresher  in  basic  mathematics,  and 
explain  typical  examples  or  problems  which  are  common  to  the 
water  and  wastewater  field.  Write  examples  on  the  chalkboard  to 
enhance  learning  objectives.    Have  students  complete  progress 
check  and  evaluate  on  a  progress  checklist. 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  1 

NAIhEOF  INSTrnJCTOR 

COURSE  TITLE 

Environmental  SuDDort  Specialist 

BLOCK  TITLE 

Water  and  Wastewater  Analysis 

1.                                                           COURSE  CONTENT 

Z  TIME 

2.    Principles  of  Physics 

a.    Using  information  and  a  list  of  eight  incomplete  statements 
cor.cernirig  physics,  complete  the  statements.    Five  of  the  eight 
statements  must  be  correct.    SIS:    8b(2)     MEAS:  PC 

(1)  Define  physics 

(2)  Energy 

(3)  Matter 

(4)  Structure  of  matter 

SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Materials 

SW  J3ABR56o3i  000-II-2,  Principles  of  Physics 

2TPT5120-03,  Basic  Physics-Matter 

Training  Methods 
Lecture/Discussion  (2  hrs) 
Performance  (2  hrs) 

Instructional  Guidance 

Discuss  the  principles  of  physics  and  emphasize  the  importance  of 
physics  in  the  566X1  career  field.    Assign  and  monitor  student 
accomplishment  of  progress  check.    Use  progress  checklist  to 
evaluate  students. 

4 

Day  12 
(4) 

SUPERVISOR  APPROVAL  OF  LFSSON  PLAN 

SIGNATURE  AND  DATE 

SIGNATURE  AND  DATE 

POl  NUMBER  BLOCK 

J3ABR56631  000  II 

UNIT  DATE 

2            12  May  86  (Chg) 

PACE  NO. 
27 
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PLAN  OF  INSTRUCTIONA.ESSON  PLAN  PART  1 

NAMiEOF  IMSTRUCTOR                                                                  1    COURSE  TITLE 

i     Environmental  Support  Specialist 

BLOCK  TITLE 

Water  and  Wastewater  Analysis 

K                                                             COURSE  CONTENT 

2.  TIME 

3»    Principles  of  Chemistry 

a.    Given  a  list  of  twenty  chemical  terms,  elements,  radicals 

(2) 

and  other  related  terms,  match  them  with  their  definitions  and/or 

symbols.    Sixteen  of  the  twenty  terms  must  be  correct.    STS:  8b(l) 

MEAS:  PC 

(1)    Chemical  terminology 

Day  13  , 

(7) 

(2)  Solutions 

*     PHYSICAL  CONDITIONING 

(1) 

Day  14 

b.    Given  a  list  of  15  chemical  compounds  and  their  formulas. 

(2) 

match  the  chemical  compounds  with  their  fonnulas  and  indicate 
whether  the  compound  is  an  acid,  base,  or  salt.    At  least  12  of  the 
15  must  be  correct.    STS:    8b(l)     MEAS:  PC 


(1)   Acids  (inorganic) 


(2)  Bases 

(3)  Salts 

c.  Given  a  list  of  ten  compounds,  write  formulas  describing 
each  compound.    Seven  of  the  ten  formulas  must  be  correct. 

STS:    8b(l)     MEAS:  PC 

(1)  Steps  required  in  writing  balanced  formulas  for 
compounds 

(2)  Use  of  subscripts 

(3)  Enclosing  radicals  in  parenthesis 

d.  Given  five  sets  of  reactants,  write  balanced  chemical  equa- 
tions.   Three  of  the  five  must  be  correct.    STS:    8b(l)    MEAS:  PC 

(1)  Define  chemical  reactions 

(2)  Common  types  of  chemical  reactions 


(4) 


(2) 


SUPERVISOR  APPROVAL  OF  LESSON  PLAN 


SIGNATURE  AND  DATE 


SIGNATURE  AND  DATE 


POI  NUMBER 

J3ABR56631  000 


BLOCK 
II 


UNIT 


DATE 

4  June  1984 


PAGE  NO. 

29 
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PREVIOUS  EDITION  OBSOLETE 


30 


3d.    Continued  from  Day  14 


Day  15 


(3)    Steps  Involved  in  writing  balanced  chemical 
equations 


(3) 


SUPPORT  MATERIALS  AND  GUIDANCE 


Student  Instructional  M 

SW  J3ABR56631  DOO-II-3,  Principles  of  Chemistry 

Audio  Visual  Aids 
Periodic  Chart 

Training  Methods 
Lecture/Discussion  (10  hrs) 
Performance  (ID  hrs) 

Instructional  Guidance 

Discuss  the  basic  principles  of  chemistry.    Explain  the  importance  of 
chemistry  in  the  566X1  career  field.    Write  examples  of  chemical  symbols^ 
fornulas  and  equations  on  the  chalkboard  to  enhance  learning  objectives. 
Assign  and  monitor  PC  accomplishment.    Use  the  Periodic  Chart  in  the 
discussion  of  elements.    Use  progress  checklist  to  evaluate  students.  Release 
students  for  physical  conditioning. 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  1 

COURSE  TITLE 

Environmental  Support  Specialist 

BLOCK  TITLE 

Water  and  Wastewater  Analysis 

T  COURSE  CONTENT  Z  TIME 


4.    Laboratory  Safety  ^  ^  ^ 

Day  15 

a.  Given  information  pertaining  to  laboratory  chemicals,  (1) 
identify  the  statements  pertaining  to  their  use  and  care  as  true  or 

false.  Three  of  the  five  answers  must  be  correct.       STS:  9a 
MEAS:  PC 

(1)  Laboratory  chemicals 

(2)  Purpose  and  care  of  each  chemical 

(3)  Precautions  when  handling  each  chemical 

b.  Given  a  list  of  10  statements  pertaining  to  the  use  and  care  (1) 
of  laboratory  equipment,  match  the  identifying  statements  to  the 

correct  piece  of  equipment.    Seven  of  the  ten  answers  must  be 
correct.    STS:    6b,  9b     MEAS:  PC 

(1)  List  of  laboratory  equipment 

(2)  Specialized  laboratory  equipment 

(3)  Laboratory  safety  equipment 

(4)  Percautions  when  using  laboratory  equipment 


SUPPORT  MATERIAL  AND  GUIDANCE 


Student  Instruction  Material 

SW  JiABR56631  000-II-4,  Laboratory  Safety 

Audio  Visual  Aids 

Training  Film:    LFS  56-1,  Laboratory  Safety 

Slide:    Prenarrated  Slide  Set,  NSS  56-3,  Intro  to  Basic  Equipment  in 
Chemistry  Laboratory 


Training  Methods 
Lecture/Discussion  (1  hr) 
Performance            (1  hr) 
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Instructional  Guidance 

Discuss  the  proper  use  and  care  of  laboratory  chemicals  and  equipment.  Show 
training  film  and  slides  on  laboratory  safety.    Group  students  into  teams  and 
assign  lab  work  stations.    Show  students  where  the  lab  equipment  is  located 
and  explain  procedures  and  use  of  the  various  equipment.    Take  inventory  of 
chemicals  and  equipment  to  be  used-    Use  Inventory  checklist  for  each  lab 
station.    Assign,  monitor,  and  assist  the  students  in  the  completion  of  the 
study  g^uide/ workbook  exercise.    Assign  progress  checks.    Use  progress 
checklist  to  evaluate  students      accomplishment  of  the  progress  checks. 


PLAH  OF  IKSTRUCTIOH/LESSON  PLAN  PART  I 


COURSE  TITLE 

Environmental  Support  Spec i al i st 


BLOCK  TITLE 

Water  and  Wastewater  Anal ysis 


COURSE  CONTENT 


5.    Collect  Water  and  Wastewater  Samples  " 

a.  Given  information,  the  appropriate  sampling  device  and  a 
maxiniLan  of  one  instructor  assist,  collect  and  label  a  water  sample 
to  test  for  various  impurities.    STS:    9c(l)      MEAS:  PC 

(1)  Purpose  of  samples 

(2)  Samples  taken  from  the  ground  (well  water) 

(3)  Samples  taken  from  the  surface  (lakes,  rivers,  streams, 
etc.) 

(4)  Samples  for  dissolved  gas 

(5)  Samples  for  bacteriological  ana"^yslG 

(6)  Safety  and  personal  hygiene 
*     Physical  Conditioning 

b.  Using  given  information,  and  a  maximum  of  one  instructor 
assist,  list  the  procedures  required  for  collecting  a  sample  of 
wastewater  and  sample  of  sludge.    STS:    9c(2),  9c(3)     MEAS:  PC 

(1)  Types  of  Samples 

(2)  Prxedures  for  collecting  wastewater  samples 

(3)  Problems  related  to  collecting  wastewater  samples 

(4)  Sludge  samples 

(5)  Sampling  devices 

(6)  Procedures  for  collecting  sludge  samples 

(7)  Safety  and  personal  hygiene 


Z  TIME 
—J  

Day  15 

(2) 


(1) 
Day  16 

(2) 
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SUPPORT  MATERIALS  AND  GUIDANCE 


Student  Instructional  Material 

SW  J3ABR56631  000-II-5,  Collect  Water  and  Wastewater  Samples 

Training  Methods 
Lecture/Discussion  (3  hrs} 
Perfonnance  (1  hr) 

Mul  ti pi e  Instructor  Requi  rerpents 
Equipment  and  Facilities  -  Z 

Instructional  Guidance 

Emphasize  the  Importance  of  proper  sampling  procedures  when  taking  samples 
from  various  sampling  points  and  sources.    Explain  that  the  water  samples  will 
be  collected  throughout  the  building  during  the  water  analysis  criterion 
objective.    The  wastewater  samples  will  be  collected  from  the  refrigerator  in 
Block  II  for  test  purposes  and  classroom  practicality.    Explain  that  the  per- 
formance of  collecting  wastewater  samples  will  be  accomplished  in  Block  IV 
during  the  field  trip.    Stres.5  personal  hygiene  and  safety.    Assign  progress 
checks.    Use  progress  checklist  to  evaluate  students.    Release  students  for 
physical  conditioning. 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  I 


COURSE  T1\LE 

Environmental  Support  Specialist 


BLOCK  TITLE 

Water  and  Wa<itevfater  Analysis 


COURSE  CONTENT 


Z  TIME 

— IT" 


6.    Water  Analysis 

a.  Using  appropriate  laboratory  equipment  and  testing  proce- 
dures, test  various  samples  of  water  for  pH,  tempernture,  and 
specific  conductance.    No  more  than  one  instructor  assist  is  allowed 
for  each  test.    SIS:    9d{l),  9d(2),  9d(ll)     MEAS:  PC 

(1)  Purpose  of  water  analysis 

(2)  Expression  of  test  results 

(3)  Commonly  used  methods  of  testing  water 

(4)  Temperature 

(5)  Characteristics  of  pH 

(6)  pH  scale 

(7)  Use  of  a  pH  meter 

(8)  Specific  conductance  (solu-bridge) 

b.  Using  appropriate  laboratory  equipment  and  testing  proce- 
dures, test  various  water  samples  for  chlorine  residual,  turbidity, 
iron,  end  fluoride.    No  more  than  one  instructor  assist  is  allowed 
for  each  rest.    STS:    9d(3),  9d(14),  9d(17),  9d(25)     MEAS:  PC 

(1)  Colorimetric  method 

(2)  Chlorine  residual 

6b.    Continued  from  Day  16 

(3)  Turbiilty 

(4)  Iron 

(5)  Fluorides 
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(1.5) 


Day  17 
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c.    Given  laboratory  equipment,  HACH  DR3000  spectrophotometer  (1) 

methods  manual,  and  a  water  sample,  test  the  sample  for  true 
color,  vflth  no  more  than  one  instructor  assist.    STS:  9d(24) 
Meas:  PC 

(1)  Types  of  color 

(2)  Ccusas  of  color 

(3)  Testing  for  color 

NOTE:    CO  7e  must  be  moved  forward  and  started  at  this  time 
due  to  the  nature  of  the  test  to  be  performed. 

7e.    Given  information,  labor<»tory  equipment,  and  a  (2) 
wastewater  sample,  perform  a  Biochemical  Oxygen  Demand  Test. 
No  more  than  two  instructor  assists  are  allowed.    STS:  9d(7), 
9d{8)    MEAS:  PC 

(1)  Volumetric  method 

(2)  Dissolved  Oxygen  Procedures  (DO) 

(3)  Biochemical  Oxygen  Demand  Procedures  (BOD) 

d.  Given  Information,  laboratory  equipment,  and  various 
water  samples,  test  the  samples  for  hardness,  acidity,  and 
alkalinity.    No  more  than  two  instructor  assists  are  allowed 
for  each  test.    STS:    7d(4),  9d(5),  9d(6)    MEAS:  PC 

(1)  Hardness 

(2)  Acidity 

(3)  Alkalinity 

e.  Giv^n  the  types  of  phosphate  compounds  and  a  list  of  (1) 
statements  pertaining  to  phosphates,  match  each  type  of 

compound  to  the  statements.    Three  out  of  five  statements  must 
be  correct.    STS:    9d(15)    MEAS:  PC 

(1)  Types  of  phosphates 

(2)  Uses  of  phosphates 

(3)  Testing  phosphates 
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f*    Given  five  incomplete  statements  concerning  chloride  compounds, 
complete  the  statements  as  they  pertain  to  the  compound  type,  source  and 
testing  procedures.    Three  of  the  five  completed  statements  must  be  correct. 
STS:    9d(13)     MEAS:  PC 

(1)  Types  of  chloride  compounds 

(2)  Sources  of  chloride  compounds 

(3)  Testing  for  chlorides 


SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Material 

SW  J3ABR56631  OCO-II-6,  Water  Analysis 

HO  J3ABR56631  000-II-6,  Laboratory  Manual 
HACH  DR3000  Spectrophotometer  Manual 

Training  Equi^^iment 
Electric  pH  ffeter 
Solu-bridge 
Color  Comparator 
Nephelometric  Turbidimeter 
Spectrophotometer 

Training  Methods 

Lecture/Discussion  (6  hrs) 

Demonstration         (2  hrs) 

Performance  (10  hrs) 

Multiple  Instructor  Requirement 
Equipment  and  Facilities  -  2 

Instructional  Guidance 

Discuss  the  methods  of  testing  water  samples  and  how  to  report  the  results. 
Explain  each  test  to  be  performed  and  assist  students  in  the  performance  of 
the  water  tests.    Assign  and  monitor  student  completion  of  workbook  exercises. 
Assign  students  to  their  lab  stations,  give  them  to  their  lab  manual  handout 
and  emphasize  personal  safety  throughout  all  training  exercises.  Assist 
students  on  the  hardest  parts  of  the  tests.    Assign  progress  checks.  Use 
progress  checklist  to  evaluate  students. 

MIR:    Two  qualified  Block  II  instructors  are  required  while  students  are 
performing  tests  in  the  laboratory.    The  students  will  require  close  super- 
vision while  handling  acids,  caustics,  and  delicate  laboratory  equipmentc 
Two  quali fifed  Block  II  instructors  will  also  insure  maximum  participation 
in  accomplishing  criterion  objectives. 
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PUAN  OF  rNSTRUCHON/LESSON  PLAN  PART  1 

1    COURSE  TITLE 

1    Environmental  SuDDort  Soecialist 

Water  and  Wastewater  Analysis 

COURSE  CONTENT 

Z  TIME 

7.    Wastewater  Analysis 

16 
Day  18 

(2) 

a.    Given  information,  laboratory  equipment,  and  a  wastewater 
sample,  test  the  sample  for  Settleable  Solids,    No  more  than  two 
instructor  assists  are  allowed.    STS:    9d(9)    MEAS:  PC 

(1)    Define  settleable  solids 

(2)    Settleable  solids  test  procedures 

(3)    Expression  of  test  results 

*     PHYSICAL  CONDITIONING 

(1) 

b.    Given  information,  laboratory  equipment,  and  a  sludge 
sample,  perform  Total  Solids  and  Volatile  Solids  tests.    No  more 
than  two  instructor  assists  are  allowed  for  each  test.  STS:  9d(10). 
9d(19)    MEAS:  PC  — ^  

Day  19 
(6) 

(1)    Gravimetric  method 

(2)    Total  solids  test  procedures 

(3)    Fixed  solids  procedures 

(4)    Volatile  solids  procedures 

c.    Given  information,  laboratory  equipment,  and  a  wastewater 
sample,  test  the  sample  for  Suspended  Solids.    No  more  than  two 
instructor  assists  are  allowed.    STS:    9d(18)    MEAS:  PC 

(2) 

(1)    Suspended  Solids  Test  Procedures 

(2)    Dissolved  Solids  Calculations 

d.    Given  information  about  coliform  testing,  complete  four 
statements  concerning  the  tests  for  Coliform  Bacteria.   Three  of  the 
four  statements  must  be  correct. 
STS:    9d(20),  9d(21)     MEAS:  PC 

Day  20 

(2) 

(1)    Total  coliform 
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(2)    Fecal  colifonm 


(3)    Equipment  used  to  test  col i form 

e.  Given  information,  laboratory  equipment,  and  a 
wastewater  sample,  perform  a  Biochemical  Oxygen  Demand  test. 
No  more  than  two  instructor  assists  are  allowed*    STS:    9d(7) , 
9a,  9b,  9d(8)    MEAS:  PC 

(1)  Volumeteric  Method  -  Performed  on  Day  17 

(2)  0*0  Procedures  -  Performed  on  Day  17 

(3)  B.O.D.  Procedures  -  Performed  on  Day  17 

(4)  Review  of  initial  DO/BOD  setup 

(5)  B.O.D.  Procedures  -  complete 

(6)  Calculations  of  test  results 

f.  Given  information  related  to  wastewater  analysis  and 
five  facts  concerning  the  purpose  of  Chemical  Oxygen  Demand 
(COD)  testing  method,  match  the  facts  with  the  information. 
Three  of  the  five  must  be  correct.    STS:    9d(23)    MEAS:  PC 

(1)  Principle  of  the  COD  test 

(2)  Test  Procedures 

(3)  Advantages/Disadvantages  of  the  COD  Test 


SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Material 

SW  J3ABR56631  000-11-7,  Wastewater  Analysis 

HO  3ABR56631  000-II-6,  Laboratory  Manual 

Audio  Visual  Aids 

LFS  56-2,  Gravimetric  Analysis 

Testing  Equipment 
Drying  Oven 
Muffle  Furnace 
Analytical  Balance 
Imhoff  Cone 
Imhoff  Cone  Stand 
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Training  Methods 

Lecture/Discussion  (7  hrs) 

Demonstration  (1  hr) 

Performance  (8  hrs) 

Mul ti pi e  Instructor  Requi  rement 
Equipment  and  Facilities  -  2 

Instructional  Guidance 

Discuss  and  explain  tRe  types  of  tests  performed  on  wastewater  samples. 
Explain  to  the  students  that  they  will  perform  a  total,  fixed,  volatile 
and  suspended  solids  test.    Explain  the  relationship  that  one  test  has  on 
the  other.   Make  sure  that  the  students  realize  that  the  fixed  solids  test 
is  a  part  of  the  volatile  solids  test.    Observe  the  students  while  they 
use  their  precision  equipment.    Assign,  monitor  and  assist  the  students  in 
the  SW  performances.    Objective  7e,  BOD/DO  test  must  initially  be  prepared 
and  set  up  to  allow  approximately  a  three  to  five  day  incubation  period. 
Completion  of  this  test  wi'l  be  performed  on  training  day  20,  Block  II. 
Objective  7b  (2)(3)(4)  accomplishes  three  tests  in  sequence;  these 
tests  are  all  performed  on  the  sme  sludge  sample  and  naturally  follow  a 
given  order.    Suspended  solids  will  be  run  with  wastewater  samples,  raw, 
primary  and  final.    Dissolved  solids  are  derived  mathematically  from 
the  results  of  7c(l)  and  7b(2).    Emphasize  safety  when  handling  hgt 
samples.    Assist  the  students  on  the  hardest  parts  of  the  tasks.  Assign 
progress  checks.    Use  performance  checklist  to  evaluate  students 
accomplishment  of  the  progress  checks.    Release  students  for  physical 
conditioning. 

MIR:    Two  qualified  Block  li  instructors  are  required  while  students 
are  performing  tests  in  the  laboratory.    The  students  will  require  close 
supervision  while  handling  acids,  causiics,  hot  samples,  and  delicate 
equipment.    Tvx)  instructors  will  also  Insure  maximum  participation  in 
the  accomplishment  of  criterion  objectives. 


8.    Written  Test  and  Test  Critique  (2) 

*  Physical  Conditioning  (1) 

*  Denotes  MT 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  I 


BLOCK  TITLE 

Water  Supplies  and  Treatment 


COURSE  TITLE 

Environmental  Support  Specialist 


±    COURSE  CONTENT 

n    Water  Well  Operation  and  Maintenance 


Z  TIME 


a.  Given  incomplete  statements  about  ground  water  and  water 
wells,  complete  each  statement  by  making  written  responses.    Four  of 
the  six  responses  must  be  correct.    STS:   JLOa    MEAS:  PC 

(1)  Origin  of  ground  water 

(2)  Exploration  for  ground  water 

(3)  Wen  construction 

(4)  Wen  problems  and  maintenance 

b.  Using  data  pertaining  to  wens,  define  terms  and  calculate 
static,  pumping,  and  drawdown  levels  with  a  maximum  of  one 
instructor  assist.    STS:    VQb^    MEAS:  PC 

(1)  Definition  of  terms 

(2)  Mathematical  formula 


SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Material 

Sw  J3A6R56631  oOu-IIM.  water  Wen  Operation  and  Maintenance 
AFR-91-26  Maintenance  and  Operation  of  Water  Supply,  Treatment  and 
Distribution  Systems 

Training  Equipment 
Trainer,  Water  Wen 

Training  Methods 
Lecture/Discussion  (5  hrs) 
Performance  (3  hrs) 


Day  21 
(5) 


(3) 


SIGNATURE  AND  DATE 

SIGNATURE  AND  DATE 

POI  NUMBER  BLOCK 

J3ABR56631  000  III 

UNIT            1    DATE                                                PAGE  NO.  1 

1      1     12  May  86  (Chg)              43  | 

SUPPORT  MATERIALS  AND  GUIDANCE  (CONT'D) 


Instructional  Guidance 

Emphasize  the  importance  of  well  water  as  a  major  supply  of  water  for  military 
installations  throughout  the  world.    Discuss  the  components  of  wells, 
principles  of  water  well  operation  and  maintenance.    Demonstrate  calculation 
of  static  level,  pumping  level  and  drawdown.    Operate  water  well  trainer  to 
demonstrate  well  operation.    Have  students  complete  progress  check.  Use 
progress  checklist  to  evaluate  students. 
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ERIC 


NAME  OF  INSTRUCTOR 


PLAH  OF  INSTRUCTION/LESSON  PLAN  PART  I 


BLOCK  TITLE 

Water  Supplies  and  Treatment 


COURSE  TITLE 

Environmental  Support  Specialist 


1. 


COURSE  CONTENT 


2.    Water  Treatment  Processes 

a.    Given  information  related  to  water  clarification,  match 
statements  identifying  the  facts  and  terms  which  pertain  to  water 
clarification.    Six  of  the  nine  must  be  correct.    STS:  lOc(l) 
MEAS:  PC   

{ly  Clarification  defined 

(2)  Plain  sedimentation 

(3)  Coagulation  -  flocculation 

(4)  Chemistry  of  coagulation  -  flocculation 

(5)  Factors  affecting  the  coagulation  -  flocculation 
process 

(6)  Determine  the  correct  chemical  dosage  for  coagulation  - 
flocculation  (Jar  Test) 

(7)  Sedimentation  (In  Plant) 

(8)  Filtration 

b.    Using  information  about  water  softening,  identify  facts  and 
terms  by  completing  ten  statements.    Seven  of  the  ten  must  be  cor- 
rect.   STS:    10c(2)      Meas:  PC 

(1)  Softening  defined 

(2)  Kinds  of  hardness 

(3)  Methods  used  to  remove  hardness  from  water 


SUPERVISOR  APPROVAL  OF  LESSON  PLAN 


SIGNATURE  AND  DATE 


POt  NUMBER 

J3ABR56631  000 


BLOCK 


III 


ATC   J^J^  79  133 


SIGNATURE  AND  DATE 


UNIT 


DATE 


4  June  1984 


PREVIOUS  ECXTION  OBSOLETE 


44 


Z  TIME 


14 
Day  22 
(6) 


(2) 


PACE  NO. 


45 


c.  Given  Information  related  to  removal  of  taste,  odor  and 
color,  list  the  methods  used  to  remove  taste,  odor,  and  color  in 
water  supplies.    Five  of  the  seven  must  be  correct. 
STS:    9d(26),  10c(6)      MEAS:  PC 

(1)  Causes  of  Taste  and  Odor 

(2)  Removal  of  taste  and  odor 

(3)  Causes  of  color 

(4)  Removal  of  color 

d.  Given  information  related  to  water  treatment  processes,  (4) 
match  facts  and  terms  related  to  stabilization,  disinfection, 
fluoridation  and  defl uoridatlon.    Six  of  the  ten  must  be  correct. 

STS:    10c(3),  10c(5),  10c(7),  10c(8)       MEAS:  PC 

(1)  Stabll ization 

(2)  Disinfection 

(3)  Fluoridation 

(4)  Defluoridation 


SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Materials 
SW  J3ABR56631  000-11 1-2,  Water  Treatment  Processes 

Tralnlnci  Methods 
Lecture/uiscussion  (10  hrs) 
Performance  (4  hrs) 

Audio  Visual  Aids 
47903,  A  Silent  Toast  to  Water 

Instructional  Guidance 
Introduce  clarification  by  showing  film:  "A  Silent  Toast  to  Water".  Discuss 
the  processes  of  clarification;  softening;  taste,  odor  and  color  control; 
stabilization,  disinfection,  fluoridation,  and  defluoridation.    Set  up  Jar 
Test  and  let  it  run  during  Lecture/Discussion  period.   After  appropriate  time 
for  coagulation,  complete  Jar  Test.     Have  students  complete  progress  check. 
Use  progress  checklist  to  evaluate  students. 


J3ABR56631  000  ITI  2  12  May  66  (Chg) 


Day  23 
(2) 


EKLC 


46 


ERIC 


PLAN  OF  INSTRUCTION/LESSON  PLAN  PArTT 


BLOCK  TITLE 

Water  Supplies  and  Treatment 


COURSE  TITLE 

Environmental  Support  Specialist 


1. 


COURSE  CONTENT 


3.    Monitor/Operate  and  Maintain  Water  Treatment  Plant  Equipment 

a.  Given  statements  about  chemical  mixing  ta/iks,  identify  as 
true  or  false  the  statements  concerning  the  monitoring  and  operation 
of  chemical  mixing  tanks.    Three  of  the  four  must  be  correct. 

STS:    10d(2)       ME AS:  PC 

(1)  Rapid  mix 

(2)  Slew  mix 

(3)  Di1utiOf?/mixing  tanks 
*   Physical  Conditioning 

b.  During  a  field  trip  to  the  local  municipal  water 
treatment  plants,  monitor  the  operation  of  plant  components  by 
making  a  written  response  lAW  a  checklist.  No  more  than  three 
Instructor  assists  allowed.  STS:  6b,  10d(3),  10d(4),  10d(7), 
lla(l)  lla(2),  lla(3)(a),  lla(3)(b),  lla(3)(c),TIaTT) .  lla(5) 
Meas:  PC 

(1)  Safety 

(2)  Plain  sedimentation 

(3)  Measuring  device'j 

(4)  Chemical  feeders  (gas,  solution,  dry) 

(5)  Horizontal  sedimentation  clarif ier/softner 

(6)  Filters 

(7)  Control  devices 

(8)  Pumps  and  valv^- 

(9)  Upflow  clarifler 
(10)  Review  of  field  trip 


SUPERVISOR  APPROVAL  OF  LESSOM  PLAN 


SIGNATURE  AND  DATE 


SICNATUlig  AMQ  DATE 


POl  NUM0CR 

J3ABR56631  000 


ATr  fOf94 
JUM7« 


133 


BLOCK 

III 


UNIT 


DATE 

4  Nov  85  (Chg) 


PREVIOUS  EOITICH  OaSOLETE 


:h  oa: 

4b 


Z  TIME 


14 
Day  23 

(1) 


(1) 

Day  24 
(8) 


PAGE  NO. 
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c.  Using  information  and  the  water  plant  trainer,  work  as  Pay  25 
a  team  to  monitor/operate  the  trainer,  with  no  more  than  three  (3,0) 
instructor  assists.    STS:    10d(3),  10d(7)    MEAS:  PC 

(1)  Plain  sedimentation  tank 

(2)  Chemical  mixing  tank 

(3)  Horizontal  sedimentation  clarifier/softener 

(4)  Filters 

(5)  Clear  wells 

(6)  Water  tower  (1.0) 

d.  Using  information  and  the  water  plant  trainer  and 
equipment,  work  as  a  team  to  perform  the  required  maintenance 
on  the  trainer  equipment.    No  more  than  two  maintenance 
problems  may  be  missed.    STS:    10e(2)^,  10e(3),  10e(7) 

MEAS:  PC 

(1)  Plain  sedimentation  tank 

(2)  Chemical  mixing  tanks 

(3)  Horizontal  sedimentation  clarifier/softener 

(4)  Filters 

(5)  Clear  wells 

(6)  Water  tower  (.5) 

e.  Using  AFR  91-26,  complete  statements  concerning  the 
purpose  and  types  of  aerators.    Five  of  the  seven  must  be 
correct.    STS:    lOd(l)     MEAS:  PC 

(1)  Purpose  of  aeration 

(2)  Types  of  aeration  (.5) 

f.  Using  AFR  91-26,  match  the  maintenance  procedures  used 
for  each  type  of  aerator.    Three  of  the  five  must  be  correct. 
STS:    lOe(l)     MEAS:  PC 

(1)  Types  of  aerators 

(2)  Maintenance  of  aeration  units 
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SUPPORT  MATERIALS  ANO  GUIDANCE 


Student  Instructional  Material 

SW  J3ABR56631  000-III-3,  Monitor/ Operate  and  Maintain  Water  Treatrrent  Plant 

Equipment 

AFR  91-26,  Maintenance  and  Operation  of  Water  Supply,  Treatment  and 
Distribution  Systems 

A^dio  Visual  Aids 

LFS  56-7,  Water  Treatment  Plant  Operation 
Training  Equipment 

Trainer,  Water  Treatment  Plant  System 

Training  Method 
Lecture/Discussion  (5,0  hrs) 
Performance  (8^0  hrs) 

Instructional  Guidance 

Stress  safety  on  field  trip  and  while  operating  water  trainer.    Stress  safety 
in  handling  chemicals  and  when  working  around  electrical  equipment  and  moving 
parts.    Show  training  film  LPS  56-7,  Water  Treatment  Plant  Operation  at  speci- 
fied criterion  objectives.    Have  students  complete  workbook  exercise  during 
field  trip.    Operate  the  water  plant  trainer  with  hands  on  training  for  the 
students,  monitoring  the  students  closely  for  safety  purposes.    Place  five 
malfunctions  in  water  trainer  for  progress  check.    Have  students  work  in  pairs 
to  correct  them.    Clean  equipment  and  room  prior  to  dismissal  of  students. 
Use  progress  checklist  to  evaluate  students. 
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EKLC 


PLAN  OF  INSTRUCTION/LESSON  PLAU  PART  \ 


BLOCK  TITLE 

Water  Supplies  and  Treatment 


COJRSe  TITLE 

Environmental  Support  Special  1st 


1. 


COURSE  CONTENT 


4.    Monitor/Operate  and  Maintain  Ion  Exchange  (Demineralization) 
Unit^ 

a.  Given  terms  and  statements  pertaining  to  an  ion  exchange 
unit,  match  the  terms  to  the  statements.    Twelve  of  the  seventeen 
must  be  correct.    STS:    10c(4)     MEAS:  PC 

(ly  Purpose 

(2)  Theory  of  ion  exchange 

(3)  Characteristics  of  ion  exchange  resins 
*     Physical  Conditioning 

4a,  Continued  from  Day  25 

(4)  Types  of  Ion  exchangers 

(5)  Components  of  demineral izers 

(6)  Cycles  of  operation 

b.  Given  information,  ion  exchange  softener  and  demineraliza- 
tion units,  work  as  a  team  to  monitor/operate  the  ion  exchange 
units,  with  no  more  than  four  instructor  assists.    STS:  10d(8), 
10d(9),  lOd(lO)    MEAS:  PC 

(1)  Water  softener 

(2)  Dual  bed  demineralizer 
4b.  Continued  from  Day  26 

(3)  Mixed  bed  demineralizer 

c.  Given  Information  and  a  ion  exchange  trainer,  work  as  a  team 
to  maintain  the  unit,  with  no  more  than  one  instructor  assist. 

STS:    10e(8),  10e(9),  lOe(lO)     MEAS:  PC 


SUPERVISOR  APPROVAL  Op  LESSON  P^AM 


2.  TIME 


17 
Day  25 

(2) 


(1) 
Day  26 

(3) 


(5) 


Day  27 
(4) 


(3) 
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SIGNATURE  AND  DATE 
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PAGE  NO. 
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ATC  IM 


PREVIOUS  EDITION  OBSOLETE 


(1)  Water  softener 

(2)  Dur»l  bed  demineralizer 

(3)  Mixed  bed  demineralizer 


SUPPORT  MATERIALS  AND  GUIDANCE 


Student  Instructional  Material 

SW  J3ABR56631  000-III-4,  MonTtbr/Operate  and  Maintain  Water  Treatment 

Plant  Equipment 

Training  Equipment 
Trainer,  Water  Plant 

Training  Methods 

Lecture/Discussion  (6.0) 

Performance  (9.0) 

Demonstration  (2.0) 

Instructional  Guidance 

Explain  what  an  Ion  exchange  (demineralizer)  unit  is  used  for  and  how  it 
works.    Discuss  the  operating  procedures  and  point  out  the  various  components, 
explain  their  purpose.    Have  students  operate  the  unit  according  to  your 
guidance  and  operating  instructions.    Place  three  malfunctions  in  the  unit  for 
students  to  correct.    Use  care  and  stress  safety  throughout  performance  of  the 
unit.    Assign  and  monitor  student  accomplishment  of  progress  check.  Use 
progress  checklist  to  evaluate  students.    Annotate  ATC  Forms  98  and  667. 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  I 


BLOCK  TITLE 

Water  Supplies  and  Treatmen: 


COURSE  TITLE 

I     Environmental  Support  Specialist 


1. 


COURSE  CONTENT 


1  TIME 


5.    Monitor/Operate  and  Maintain  Electrodialysis  Demineral izer  Unit 

a.  Given  information  and  an  electrodialysis  demineral ization 
unit,  work  as  a  team  to  monitor/operate  the  unit,  with  no  more  than 
three  instructor  r:ssists.    STS:    10d(5)    MEAS:  PC 

(1)  Application 

(2)  Principle  of  operation 
5a.    Continued  from  Day  27 

(3)  Components  of  unit 

(4)  Operating  procedure 

b.  Given  information  and  a  electrodialysis  demineral  izer,  work 
as  a  team  to  maintain  the  unit,  with  no  more  than  two  instructor 
assists.    STS:    10e(5)     MEAS:  PC 

(1)  Test  for  salinity  (TDS) 

(2)  Electro-membrane  stack  probing 

(3)  Electro-membrane  stack  disassembly/ reassembly 

SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 

SW  J3ABR56631  000-III-5,  Monitor/ Ope rate  and  Maintain  Electro- 
dialysis Demineral  izer  Unit 

Training  Equipment 

Trainer,  Electrodialysis  Demineral izer  Unit 

Training  Method 
Lecture/DI scussion  (2.0) 
Performance  (1.5) 
Demonstrate  (0.5) 


4 

Day  27 
(1) 


Day  28 
(1) 

(2) 


SUPERVISOR  APPROVAL  OP  LESSON  PLAN 


SIGNATURE  AND  DATE 

SIGNATURE  AND  DATE 

POI  NUMBER  OtOCK 
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UNIT            1    DATE  PAGENO. 
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SUPPORT  MATERIALS  AND  GUIDANCE  (CONT'D) 


Instructional  Guidance 

Explain  what  an  electrodialysis  unit  is  used  for  and  how  it  works.  Discuss 
the  operating  procedures  and  point  out  the  various  components,  explaining 
their  purpose •    Have  the  students  operate  and  maintain  the  unit  according  to 
your  guidance  and  trainer  check! ist.    Use  care  with  equipment  and  stress 
safety  throughout  performance  of  unit.    Assign  and  monitor  student 
accomplishments  of  progress  checks.    Use  progress  checklist  to  evaluate 
students. 

Instructor  Reference  Material 

Aquamite  I,  Operating  and  Maintaining  Manual 
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ERIC 


PLAN  OF  INSTRUCTIONAESSON  PLAN  PART  I 


BLOCK  TITLE 

Water  Supplies  and  Treatment 


COURSE  TITLE 

Environmental  Support  Special i 


St 


1. 


COURSE  CONTENT 


6.    Field  Water  Purification  Units 


a.  Given  a  sketch  of  a  proposed  water  point  and  site  selection 
criteria,  locate  and  identify  the  correct  site  to  set  up  the  unit 
according  to  TM  5-700.    Three  of  the  four  must  be  correct. 

STS:    8e,  14a,  Ub,  14c,  15e(l)a   ME AS:  PC 

(1)  Determine  amount  of  water  needed 

(2)  Select  raw  water  source 

(3)  Perform  stream  survey 

(4)  Lyster  bag 

b.  Given  a  diagram  and  information  related  to  the  ERDLATOR, 
locate  and  identify  components.    Ten  of  the  twelve  statements  must 
be  correct.     STS:    14d(l),  14d(2),  14e      MEAS:  PC 

(1)  Purpose  of  F.W.P.U. 

(2)  Types  of  field  units 

(3)  Principles  of  operation 

(4)  Components  of  ERDLATOR  (600  gph) 
*  Physical  Conditioning 

c.  Using  TO  40W4-9-1,  and  information  related  to  the  operation 
of  the  ERDLATOR,  match  statements  pertaining  to  the  operation  of  the 
unit.    Twelve  of  the  fifteen  must  be  correct.    STS:    Ue   Meas:  PC 

(1)  Operational  procedures  of  unit 

(2)  Operational  procedures  of  filter 

(3)  Shutdown  and  safety  procedures 

d.  Using  TO  40W4-9-1,  complete  statements  pertaining  to  pre- 
ventive maintenance  procedures  and  troubleshooting  operational  prob- 
lems of  a  600  gph  ERDLATOR.    Nine  of  the  fifteen  statements  must  be 
correct.    STS:    I0e(4)    MEAS:  PC 
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(1)    Preventive  maintenance  services 


(2)    General  troubleshooting 

e.  Given  a  diagram  and  information  related  to  the  Reverse  (3) 
Osmosis  Water  Purification  Unit  (ROWPU),  locate  and  identify 

the  ROWPU  components  lAW  TO  40W4-13-1.    Seven  of  the  eleven 
matched  components  must  be  correct.    STS:    10d(6),  14d(2) 
MEAS:  PC 

(1)  Principle  of  reverse  osmosis 

(2)  Types  of  raverse  osmosis  components 

(3)  Application  of  reverse  osmosis  units 

(4)  Advantages/Disadvantages  of  reverse  osmosis  units 

f.  Using  TO  40W4-13-2  and  related  infonnation,  write  the  (2) 
correct  procedures  used  to  perform  maintenance  on  the  Reverse 
Osmosis  Water  Purification  Unit.    Six  of  the  ten  procedures 

must  be  correct.    STS:    10e(6)     MEAS:  PC 

(1)  Operator  preventive  maintenance  (ROWPU) 

(2)  Maintenance  procedures  (ROWPU) 


SUPPORT  MATERIALS  AND  GUIDANCE 


Student  Instructional  Material 

SW  J3ABR56631  OOO-vI-l-6,  Field  Water  Purification  Units 
TO  40W4-9-1,  Field  Water  Purification  Unit  600  gph 
TO  40W4-13-2,  Operator's  Maintenance  Manual 
TM  5-700,  Field  Water  Supply 

Audio  Visual  Aids 

Training  Films:    LFS  56-3A,  Site  Selection  and  Set  Up  of  the  600  gph  Field 

Water  Purification  Unit 
LFS  56-4,  Operation  of  the  600  gph  Field  Water  Purification 
Unit 

MN  IIOOIA,  Safe  Water-Field  Sanitation  and  Hygiene 
Slides:    Slides  on  Reverse  Osmosis  Water  Purification  Unit 
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Training  Equipment 

Field  water  Purification  Unit  600  gph  (ERDLATOR) 

Training  Methods 
Lecture/Discussion  (6  hrs) 
Performance  (6  hrs) 

Instructional  Guidance 

Explain  and  discuss  the  purpose  and  importance  of  the  field  water  purification 
units  and  their  role  in  the  Air  Force  and  with  contingency  operations.  Dis- 
cuss the  importance  of  securing  a  safe  site  location  and  water  source. 
Explain  the  operation  and  maintenance  requirements  of  these  units  using  both 
technical  publications.    Show  training  films  LFS  56-3A,  LFS  56-4,  and  MN 
11001.    Show  slide  of  ROWPU  and  explain  the  presentation.    Assign  and  monitor 
student  accomplishment  of  progress  check.    Use  progress  checklist  to  evaluate 
students.    CO  #6e  and  6f  will  be  completed  during  the  field  trip  on  training 
day  30. 
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PLAN  OF  IWSTRUCTIOM/LESSOM  PLAN  PART  I 


BLOCK  TITLE 

Water  Supplies  and  Treatment 


COURSE  TITLE 

Environmental  Support  Specialist 


1. 


COURSE  CONTENT 


Tl    swimming  Pools 

a.  Using  information  from  AFR  91-26  relating  to  the  operational 
principles  of  swimming  pools,  match  the  facts  and  terms  to  the 
identifying  statements.    Eight  of  the  twelve  matched  statements  must 
be  correct,    STS:    13a   MEAS:  PC 

(1)  Principles  of  operation 

(2)  AF  Form  708 

(3)  Safety 

b.  Identify  the  construction  features  and  major  components  of 
the  pool  by  making  written  responses  to  complete  a  diagram.  Eight 
of  the  twelve  responses  must  be  correct,    STS:    13b,  13c     MEAS:  PC 

(1)  Construction  features 

(2)  Major  components 

c.  Given  information,  list  the  maintenance  requirements  of  the 
pool.    No  more  than  one  instructor  assist  is  allowed, 

STS:    llb(3)(a),  13d   MEAS:  PC 

(1)  Hair  catcher 

(2)  Filter  servicing 

(3)  Pumping  equipment 

(4)  Chemical  feeder  (chlorine  cylinder) 

(5)  Safety  equipment 
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SUPPORT  MATERIALS  AND  GUIDANCE 


* 


Student  Instructional  Material 

SW  J3ABR56631  000-11 1-7,  Swimming  Pools 

AFR  91-26,  Maintenance  and  Operation  of  Water  Supply,  Treatment  and 
Distribution  Systems 

Audio  Visual  Aids 

Film  51884,  Clean  Clear  Water 

Training  Equipment 

Training  Methods 
Lecture/Discussion  (1.5  hrs) 
Performance  (3.5  hrs) 

Instructional  Guidance 

Discuss  the  operation  and  maintenance  of  swimming  pools  and  associated 
equipment.    Observe  and  stress  safety  precautions  associated  with  activites 
around  the  pool.    Assign  students  progress  checks.    Use  progress  checklist  to 
evaluate  students.    Show  Training  film,  51889,  Clean,  Clear  Water. 

8.  Written  Test  and  Test  Critique  (2) 
*     PHYSICAL  CONDITIONING  (1) 


*    DENOTES  MT 
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NAMCOFlNSTmjdTOR 


Ft  AN  OF  INSTRUCTION/LESSON  PLAN  PARtT 


COURSr  TITLE 

Environmental 


Support  Specialist 


BLOCK  TITLE 

Wastewater  Treatment  and  Disposal 


1. 


COURSE  CONTENT 


Z  TIME 


Characteristics  of  wastewater 

a.    Given  Information  concerning  the  characteristics  and  compo- 
sition of  wastewater  and  a  list  of  incomplete  statements  and 
phrases,  write  the  terms  or  phrases  to  complete  each  statement. 
Fifteen  of  the  twenty  statements  must  be  correct.    STS:  8d 
Meas:  PC 

(1)  Characteristics 


— r 

Day  31 
(4) 


(2)  Sources 


SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Material 

SW  J3ABR56631  000-IV-l,  Characteristics  of  Wastewater 
AFM  91-32t  Operation  and  Maintenance  of  Domestic  and  Industrial 
Wastewater  Systems 

Audio  Visual  Aids 

Training  Film:    46842,  The  Valley 

Training  Methods 
Lecture/Discussion  (2.5  hrs) 
Performance  (1.5  hrs) 

Instructional  Guidance 

Discuss  the  Importance  of  knowing  the  characteristic  of  wastewater, 
and  the  problems  which  may  occur  If  not  treated  correctly.    Show  the 
film.  The  Valley.    Assign  and  monitor  student  accomplishment  of 
progress  checks.    Use  progress  checklist  to  evaluate  students. 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  1 

NAftSCOFlNlfHudTbR                                                               j    COURSE  TITLC 

j     Environmental  Support  Specialist 

BLOCK  TITLE                                                                                                                                         r  « 

Wastewater  Treatment  and  Disposal 

1.                                                             COURSE  CONTENT 

Z  TIME 

Z.    Wastewater  Plant  Safety 

a.    Given  a  list  of  unsafe  conditions  and  violations,  select  the 
safe  rule  or  practice  to  eliminate  the  safety  violation.    Seven  of 
the  ten  must  be  correct.    STS:    6a    Meas:  PC 

(1)  Safety  regulation 

(2)  Safety  program 

(3)  Protective  equipment 

(4)  Safety  rules  and  practices 

(5)  Hazardous  operation 

SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Materials 

SW  J3ABR56631  OOO-IV-2,  Wastewater  Plant  Safety 

Training  Methods 
Lecture/Discussion  (1.5  hrs) 
Performance  ( .5  hrs) 

Instructional  Guidance 

Discuss  the  Importance  of  having  a  good  shop  safety  program  at  the 
wastewater  treatment  plant,  and  what  protective  equipment  is  avail- 
able.   Later  talk  about  the  safety  rules  and  practices.  Complete 
the  lesson  by  talking  about  the  types  of  dangers  encountered  around 
a  wastewater  treatment  plant.    Stress  personal  involvement  and  the 
buddy  system  when  working  in  the  wastewater  treatment  plant.  Assign 
progress  check.    Record  results  on  ATC  Form  98  and  667. 
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ATC   juHTs     133  PRSvious  edition  obsolete 


ERIC 


PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  I 


BLOCK  TITLE 

Wastewater  Treatment  and  Disposal 


COURSE  TITLE 

Environmental  Support  Specialist 


1. 


COURSE  CONTENT 


3.    Pollution  Control  Policies  and  Program 

a.  Given  information  concerning  Environmental  Pollution  Control 
Policies  and  Programs  and  a  list  of  incomplete  statements,  write  the 
phrase  or  term  to  complete  each  statement.    Seven  of  ten  must  be 
correct.    STS:    8d    Meas:  PC 

(1)  Why  controls  are  necessary 

(2)  Federal  and  state  regulations 

(3)  Military  regulations 

(4)  Wastewater  pollution  control 

(5)  Maintain  and  submit  forms  as  required  by  directives 

b.  Given  information  related  to  hazardous  waste  material,  sel- 
ect the  phrase  or  term  which  correctly  answers  the  written 
statements;  Seven  of  the  ten  answers  must  be  corrects    STS:  8e 
Meas:    PC  ~ 

(1)  Types  of  hazardous  wastes 

(2)  Sources  of  hazardous  waste 

(3)  Disposal  methods 

(4)  Containment  and  storage 

(5)  Safety  in  handling/treating  hazardous  waste 

SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 

SW  J3ABR56631  OOO-IV-3,  Pollution  Control  Policies  and  Program 
AFP  19-5,  Environmental  Quality  Control  Handbook 
AFM  91-32^  Operation  and  Maintenance  of  Domestic  and  Industrial 
Wastewater  Systems 


Z  TIME 


4 

Day  31 

(2) 


Day  32 
(2) 
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Training  Methods 
Lecture/Discussion  (3  hrs) 
Performance  (1  hr) 

Instructional  Guidance 

Discuss  the  Importance  of  environmental  Pollution  Control  Policies  and 
Programs.    Discuss  the  problems  in  the  treatment  and  handling  of  hazardous 
waste.    Assign  and  monitor  student  accomplishment  of  progress  check.  Use 
progress  checklist  to  evaluate  students. 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  1  1 

1     Environmental  Support  Specialist  I 

Wastewater  Treatment  and  Disposal  | 

1.                                                             COURSE  CONTENT 

Z  TIME  1 

4.    Operation  and  Maintenace  of  Septic  Tanks 

ap    Given  a  list  of  statements  concerning  the  construction 
features,  operational  practices  and  maintenance  of  septic  tanks, 
complete  each  statement.    Ten  of  the  fifteen  n^ust  be  correct. 
STS:    12b(21),  12c(21)        Meas:  PC 

(1)  Construction  features  of  septic  tanks 

(2)  Operation  of  septic  tanks 

(3)  Operation  of  leaching  field 

(4)  Methods  used  to  protect  tile  fields 

(5)  Maintenance  procedures 

(6)  Records  kept  on  septic  tanks  and  leaching  fields 

(7)  Dosing  siphon 

SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 

5W  J3ABR56631  OuO-IV-4,  Operation  and  Maintenance  of  Septic  Tanks 

Training  Methods 
Lecture/Discussion  (1.5  hrs) 
Performance  ( .5  hrs) 

Instructional  Guidance 

Discuss  a  brief  history  of  our  wastewater  treatment  and  disposal 
system  up  to  the  use  of  septic  tanks  and  today^s  modern  treatment 
and  disposal  methods.    Explain  the  purpose,  use  and  operation  of  a 
septic  tank  and  leaching  field  connection.    State  the  maintenance 
and  care  of  septic  tanks  and  items  for  record  keeping.    Assign  and 
monitor  student  accomplishment  of  progress  check.    Use  progress 
checklist  to  evaluate  students. 

Day  32  1 

(2) 

SUPERVISOR  APPROVAL  OF  LESSON  PLAN  1 

SIGNATURE  AND  DATE 

SIGNATURE  AMD  DATE  1 

POt  NUMBER  BLOCK 

J3ABR56631  000  IV 

UNIT                 DATE  1 

4            12  May  86  (Chg)  | 

PAGE  NO.  1 

67  1 

Q  ATC    JSh^,       133  PREVIOUS  EDI jaOM  OBSOLETE 

ERIC 


PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  1 

Environmental  Support  Specialist 

BLOCK  TITLE 

Wastewater  Treatment  and  Disposal 

1.                                                             CX)URSC  CONTENT 

Z  TIME 

5,    Operation  and  Maintenance  of  Pretreatment  Units 

a.    Given  Information  pertaining  to  pretreatment  units  and 
processes,  match  the  terms  and  phrases  to  each  type  of  processing 
unit.    Ten  of  the  fifteen  must  be  correct.  STS:    12a(l)f  12bl20), 
12c(20),  12d(l),  12d(3j    Meas:  PC 

(1)  Definition  of  pretreatment 

(2)  Purpose  of  Pretreatment 

(3)  Grease  traps/oil  separators 

(4)  Makeup  of  wastewater  collection  system 

(5)  Common  troubles  of  collection  system 

(6)  Screens  and  lift  stations 

SUPPORT  MATERIAL  AND  GUIDANCE 
Student  Instructional  Materials 

SW  J3ABR56631  OOO-IV-5,  Operation  and  Maintenance  of  Pretreatment 

Units 

AFM  91-32,  Operation  and  Maintenance  of  Domestic  and  Industrial 
Wastewater  System 

Training  Methods 
Lecture/Discussion  (.5  hr) 
Performance  ( .5  hr) 

Instructional  Guidance 

Discuss  the  purpose  and  primary  reason  for  using  special  treatment 
devices  to  separate  the  harmful  wastewater  contaminants  before  they 
reach  the  domestic  treatment  plant.    Explain  the  makeup  of  waste- 
water collection  systems  to  Include  lift  stations,  pumps,  wells  or 
screens.    Assign  and  monitor  student  accomplishment  of  progress 
check.    Use  progress  checklist  to  evaluate  students. 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  I 


COURSE  TITLE 


BLOCK  TITLE 

Wastewater  Treatment  and  Pi sposal 


Environmental  Support  Specialist 


1. 


COURSE  CONTENT 


6.    Operation  and  Maintenance  of  Preliminary  Treatment  Units 

a.  Demonstrate  a  knowledge  of  the  purpose  of  preliminary  treat- 
ment units  and  subsystems  by  making  written  responses  to  questions 
that  pertLiin  to    preliminary  wastewater  treatment.  Seven  of  the  ten 
responses  must  be  correct.     STS:  12a(2),  12b(2),  12b(3),  12b(4) 
Meas:  PC 

(1)  Definition  of  preliminary  treatment 

(2)  Screens 

(3)  Grit  removers 

(4)  Shredders 

(5)  Preaeration 

b.  Using  information,  list  the  required  maintenance  for 
screens,  grit  removers,  shredders,  preaerators  and  measuring  devices 
according  to  AFM  91-32.    Six  of  ten  must  be  correct.     STS:  llb(4). 
12c(2),  12c(3)    12c(4)     Meas:  PC 

(1)  Screens 

(2)  Grit  removers 

(3)  Shredders 

(4)  Preaeration 

(5)  Measuring  devices 

c.  Using  AFM  91-32,  solve  three  operational  problems  concerning 
the  preaeration  unit  on  the  preliminary  treatment  process. 

STS:    12b(4)     Meas:  PC 

(1)  Purpose  of  preaeration 

(2)  Monitoring 
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d.    While  on  a  field  trip  to  a  local  municipal  wastewater  treatment  plant,  (.5^ 
monitor  the  operation  of  the  grit  remover,  screens  and  shedders.    Use  a 
checklist  to  evaluate  the  operating  procedures  against  the  standards  set  forth 
In  AFM  91-32.    Students  checklist  must  correspond  to  60%  of  entries  made  by 
Instructors'  evaluation  of  each  Item.    STS:    12b(2),  12b(3)    Meas:  PC 

1.  Grit  remover 

2.  Screens/shredders 


SUPPORT  MATERIAL  AND  GUIDANCE 
Student  Instructional  Materials 

SW  J3ABR56631  OOO-IV-6,  Operation  and  Maintenance  of  Preliminary 

Treatment  and  Units 
AFM  91-32,  Operation  and  Maintenance  of  Domestic  and  Industrial 
Wastewater  Systems 

Audio  Visual  Aids 

Slide  Set  -  Preliminary  Treatment 

Training  Equipment 
Trainer,  Wastewater  Plant 

Training  Methods 
Lecture/Discussion  (2  hrs) 
Performance  (1  hr) 

Instructional  Guidance 

Discuss  the  operation  and  maintenance  of  preliminary  treatment  units  and  their 
components.    Explain  the  purpose  and  location  of  each  w1:h1n  the  wastewater 
plant.    Show  the  preliminary  units  on  the  Lrainer  to  the  students.    Show  and 
narrate  a  slide  presentation  of  this  equipment.    Assign  and  monitor  student 
accomplishment  of  progress  check.    Objective  3d  will  be  accomplished  on  Ociy  33 
on  the  field  trip.    Use  progress  checklist  to  evaluate  students. 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  I 


COURSE  TITLE 


Environmental  Support  Special i st 


BLOCK  TITLE 

Wastewater  Treatment  and  Disposal 


1>  COURSg  OOHTEHT 

71    operation  and  Maintenance  of  Primary  ireatment  units 


a.  While  visiting  a  municipal  wastewater  plant,  observe  the 
operation  of  the  plant  and  equipment.    Use  a  schematic  to  trace  the 
flow  through  the  system  and  a  checklist  to  list  the  maintenance  and 
safety  items  with  no  more  than  three  instructor  assists.    STS:  6a, 
6b, 'Had),  lla(2),  lla(3)(a),  lla(4),  ila(5),  lla(8),  lla(9), 
12a(l),  12a(2),  12a(3),  12a(7),  12b(5),  12b(16),  12b(17),  12c(2), 
12c(3),  12c(4),  12c(5),  12c(16),  12c(17),  12d(l),  12d(2)  Meas: 

PC  —  ^ 

(1)  Overview  of  field  trip 

(2)  Plant  safety  and  personal  hygiene 

(3)  Pretreatment  (lift  station) 

(4)  Preliminary  units 

(5)  Prinsary  units 

b.  Using  given  information  and  a  sampling  device,  and  working 
as  a  team,  collect  a  wastewater  and  a  sludge  ^mple  from  various 
sampling  points  within  the  plant,  with  no  mc  .  than  two  instructor 
assists.    STS:    9c(2),  9c(3)     Meas:  PC 

(1)  Types  of  samples  (grab/composite) 

(2)  Methods  of  collection 

(3)  Sampling  points 

*Physical  Conditioning 


Z  TIME 


15 
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c.    Following  written  instructions,  identify  the  operation  of 
primary  wastewater  units  by  making  written  responses  to  questions 
according  to  AFM  91-32.    Seven  of  the  ten  answers  must  be  correct. 
STS:    9d(27),  12a(3),  12a(7),  12b(5),  12b(16),  12b(17),  12b(18). 
12b(19)    Meas:  PC 


(1) 

Definition  of  primary  treatment 

(2) 

Primary  settling  tanks 

(3) 

Imhoff  tank 

(4) 

Separate  digester  and  components 

(5) 

Sludge  drying 

(6) 

Sludge  disposal 

d.  Following  written  instructions,  list  the  maintenance  prac-  (2) 
tices  of  primary  wastewater  units  by  making  written  responses  to 
questions  according  to  AFM  91-32.    Eight  of  the  twelve  responses 

must  be  correct.       STS:    12c*(3),  12c(5),  12c(16),  12c(17),  12c(18), 
12c(19)      Meas:  PC 

(1)  Primary  settling  tanks 

(2)  Imhoff  tanks 

(3)  Separate  digester  and  components 

(4)  Sludge  drying 

(5)  Sludge  disposal 

e.  Given  five  statements  concerning  the  grease  and  volatile  (1) 
acids  test.  Indicate  If  the  statements  are  true  or  false.    Three  of 

the  five  statements  must  be  correct.    STS:  9d(12),  9d(16)    Meas:  PC 

(1)  Test  for  grease 

(2)  Test  for  volatile  acids 
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SUPPORT  MATERIALS  AND  GUIDANCE 


Student  Instructional  Materials 

SW  J3ABR56631  OOO-IV-7,  Operation  and  Maintenance  of  Primary  Treatment  Units 
AFM  91-32,  Operation  and  Maintenance  of  Domestic  and  Industrial  Wastewater 
Systems 

Audio  Visual  Aids 

Slides  -  Primary  Wastew^iter  Treatment 

Film  -  PLC  13/94,  Municipal  Sewage  Treatment  Process 

Film  -  LPS  -  56-6,  Everything  You  Wanted  to  Know  About  Wastewater 

Training  Equipment 

Trainer:    Wastewater  Treatment  Plant  System 

Training  Methods 
Lecture/Discussion  (8  hrs) 
Performance  (7  hrs) 

Instructional  Guidance 

Discuss  the  operation  and  maintenance  of  primary  wastewater  treatment  units 
and  components.    Explain  the  difference  between  primary  treatment  and  the 
previous  systems.    Show  the  wastewater  trainer  when  explaining  and  describing 
the  operation  and  construction  features  of  these  units.    Give  a  slide  presen- 
tation to  the  students  concerning  primary  treatment  units  and  components. 
Visit  the  Wichita  Palls  wastewater  plant  and  explain  and  identify  the 
wastewater  systems  available.    Observe  all  safety  precautions  and  practice 
shop  and  plant  safety  during  the  entire  field  trip.    If  inclement  weather  or 
unavailable  transportation  prevents  taking  the  field  trip,  these  days  will  be 
alternated  with  another  lesson.    After  discussion  of  wastewater  samples,  take 
students  to  the  base  wastewater  plant  to  collect  wastewater  samples,  com- 
pleting their  criterion  performartce  ^:>bjective.    Assign  and  monitor  student 
accomplishment  of  progress  cheeks.    Use  progress  checklist  to  evaluate 
students.    Insure  that  Progress  Check  6d  and  7a  are  accomplished  on  the  field 
tr^p,  annotate  ATC  Porm  98  and  667, 


PLAN  OF  INSTRUCTIO«/^ESSON  PLAN  PART  I 


COURSE  TITLE 

Environmental  Support  Special i 


St 


BLOCK  TITLE 

Wastewater  Treatment  and  Disposal 


1. 


COURSE  CONTENT 


Z  TIME 


8^ Operation  and  Maintenance  of  Secondary  Treatment  Units 

a.  Given  a  lis'       incomplete  statements  and  a  list  of  terms 
and  phrases  relative  to  the  operation  of  trickling  filters,  complete 
the  statonents  lAW  AFM  91-32.    Eight  of  the  twelve  completed 
statements  must  be  correct.    STS:    12a(4),  12b(6),  12c(6) 

Meas:  PC 

(1)  Definition  of  secondary  treatment 

(2)  Basic  features  of  trickling  filters 

(3)  Principles  of  filter  operation 

(4)  Factors  affecting  filter  operation 

(5)  Types  of  Filters 

(6)  Operational  problems/corrective  actions 

(7)  Final  settling  tanks 

b.  Given  information  and  a  troub'^eshooting  guide.  Identify  the 
maintenance  requirements  for  trickling  filters  by  following  a 
troubleshooting  guide  with  a  maximum  of  one  instructor  assists. 
STS:  12b(6),  12c(6)    Meas:  PC 

(1)  Maintenance  checklist 

(2)  Troubleshooting  table 

c.  Given  information  and  incomplete  statements  related  to 
wastewater  lagoons,  write  the  c  ^^rect  term  or  phrase  to  each  state- 
ment according  to  AFM  91-32.    S.x  of  the  ten  responses  must  be 
correct.    STS:    12b(12),  12c(12)    Meas:  PC 

(1)  Types  of  lagoons 

(2)  Site  and  construction  features 

(3)  Lagoon  processes  and  operation 
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(4)  Maintenance  of  oxidation  ponds 

(5)  Laboratory  testing 

(6)  Odor  control 

♦Physical  Conditioning  (1) 

Day  36 

d.  Define  the  activated  sludge  process  and  principles,  by  (2) 
matching  the  correct  phrase  or  term  to  a  statement  related  to 

activated  sludge.    Seven  of  the  eleven  responses  must  be  correct. 
STS:    12a(4),  12b(9),  i2b(10),  12b(ll)    Meas:  PC 

(1)  Define  activated  sludge 

(2)  Description  of  the  process/principles 

(3)  Description  of  the  equipment 

e.  Indicate  the  basic  facts  about  activated  sla^i^?  systems  by  (3) 
matching  the  proper  facts  to  a  list  of  various  types  of  systems. 

Twelve  of  the  seventeen  must  be  correct.    STS:    12af>-  s  12b(9) , 
12b{10),  12b(ll)    Meas:  PC 

(1)  Conventional  activated  sludge  units 

(2)  Contact  stabilization  activated  sludge  units 

(3)  Extended  aeration  activated  sludge  units  (oxidation 
ditches) 

f.  Indicate  the  corrective  action  to  take,  when  operational  (1) 
problems  develop.,  by  listing  the  proper  corrective  action  for  each 

problem  according  to  AFM  91-32.    Iwo  of  four  must  be  correct. 
STS:    12a(4).    Meas:  PC 

(1)  Aeration  tanf<s 

(2)  Secondary  clarlfler  (final) 

(3)  Organic/ Hydraulic  loading 
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CI.   Match  a  list  of  incomplete  statements  concerning  submerged 
contact  aeration  units  with  the  correct  term  to^^f'P^!^^,^?®'" * 
Three  of  the  five  statements  must  be  correct.    STS:  lZo\f) 
Meas  i  PC 

(1)    Construction  features 

<2)    Principles  of  operation 

(3)    Factors  which  affect  efficiency 

h.    Given  five  statements  concerning  a  rotating  fixed  media 
biological  unit,  indicate  if  the  statements  are  true  o^Jalse. 
Three  of  the  five  statements  must  be  correct.    STS:    12b^,  uc\^} 
Meas :  PC 

(1)  Construction  features 

(2)  Principles  of  operation 

(3)  Maintenance 


i     Given  a  list  of  statements  concerning  wastewater  plant 
safety,  correct  the  statements  which  are  false.    Seven  of  ten  must 
be  correct.     STS:    6b     Meas:  PC 

(1)  Plant  safety 

(2)  Personal  hy^^iene 


(1) 


J3ABR56631  OOu 


ERIC 


(1) 


Day  37 

(1) 
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j.    While  visiting  a  municipal  wastewater  plant,  observe  the  (5) 
operation  of  the  plant  and  equipment.    Use  a  schematic  to  trace  the 
flow  and  identify  the  components.    Use  a  checklist  to  list  the 
maintenance  and  safety  items.    With  no  more  than  three  Instructor 
assists. 

STS:    lla(l),  lla(2),  lla(3)(a).  lla(4).  lla(5).  lla(8).  lla(9), 
12a(l),  12a(2),  12a(3),  12a(4),  12a(6),  12a(7),  12bT2)7  12b(I)T 
12b(5),  12b(6),  12b(10).  12b(ll).  12b(12).  12b(16), 
12b(17),  \2c{2),~TWT,  IWU  12c(lO).  12c(ll),  12c(12).  12c(16). 


12c(17)    Meas:  PC 

(1) 

Secondary  treatment  (Slide  Presentation) 

(2) 

Overview  of  Firld  Trip 

-  (3) 

Plant  safety       personal  hygiene 

(4) 

Extended  aeration  (Burkburnett) 

(5) 

Oxidation  ponds  (Electra) 

(6) 

Contact  stabilization  (Iowa  Hark) 

*End-of-Course  Appointments  (2) 

Day  38 

k.    Given  information  related  to  laborat£i"y  test  controls  of  an  (1) 
activated  sludge  system,  identify  the  type  and  reason  for  each  test 
control  according  to  AFM  91-32,    Four  of  six  must  be  correct.  STS: 
9d(22)    Meas:  PC 

(1)  Dissolved  oxygen  (D.O.) 

(2)  Sludge  age  (SA) 

(3)  Mixed  liquor  suspended  solids 

(4)  Settling  Rate  (SVI/SDi) 

(5)  Microscopic  examination 

1.    Giveri  infprmation  and  a  troubleshooting  guide,  identiy  the  (1.5) 
maintenance  requirements  for  each  activated  sludge  system  by 
selecting  the  correct  action  to  take.    Three  of  five  must  be 
correct.    STS:    12c(7),  12c(9),  12c(10),  12c(ll)      Meas:  PC 

(1)    Operating  and  maintenance  checklist 


(2)    Troubleshooting  table 
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m.    Working  as  a  team  and  using  a  schematic  to  operate  (1.0) 
the  wastewater  plant  trainer,  locate  the  correct  valves  and  pumps 
to  control  the  flow  of  water  through  each  processing  unit  with  no 
more  than  one  instructor  assist.    STS:    lla(l),  lla(2),  12a(l),  12a(2), 
12a(3),  12a(4),  12a(7)     Meas:  PC 

(1)  Preview  of  trainer  operation 

(2)  Flow  through  primary  treatment  unit 

(3)  Flow  through  pretreatment  units 

(4)  Flow  through  secondary  treatment 

(5)  Draw  sludge  to  drying  beds 

n.    Using  the  operating  wastewater  plant  trainer  and  performing  (2.5) 
in  groups  of  two,  direct  the  flow  of  wastewater  through  all  the 
wastewater  processing  units  with  no  more  than  three  instructor 
assists.     STS:  l2b(l),  12b(3),  12b(4),  12b(5),  12b(6),  12b(16), 
12b(17)     Meas:  PC 

(1)  Drain  and  clean  trainer 

(2)  Grit  remover 

( 3 )  Screeas/^hredders 

(4)  Primary  settling  tanks 
(E)  Digesters 

(6)  Imhoff  tank 

(7)  Drying  beds 

(8;    Trickling  filter 

(9)    S.<ut  down  system  and  clean 
*End-of-Course  Appointments  (2) 

SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 

SW  J3ABR56631  006-IV-9,  Operation  and  Maintenance  of  Secondary  Jreatmnt  Units 
AFM  91-32,  Operation  and  Maintenance  of  Domestic  and  Industrial  Wastewater 
Plants 

Audio  Visual  Aids 
Shde  Set  (BIk  17) 

Film  -  LFC  13/94,  Municipal  Sewage  Treatment  Process 
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SUPPORT  MATERIALS  AND  GUIDANCE  (CON'T) 


Training  Equipment 
Trainer:    wastewater  Plant 

Training  Methods  _ 
Lecture/Discussion  (13  hrs) 
Performance  (14  hrs) 

Instructional  Guidance 

Discuss  the  operation  and  maintenance  of  secondary  wastewater  treatment^  unit 
and  components.    Explain  the  difference  between  secondary  treatment  and 
previous  systems.    Show  the  wastewater  plant  trainer  when  explaining  and 
describing  the  operation  and  construction  features  of  these  units.    Give  a 
slide  presentation  to  the  students  concerning  secondary  treatment  units  and 
components.    Visit  local  municipal  wastewater  plants  and  explain  and  identify 
the  wastewater  system  available.    Observe  all  safety  precautions  and  practice 
shop  and  plant  safety  during  the  entire  field  trip.    If  inclement  weather  or 
unavailability  of  transportaion  prevents  taking  the  field  trip,  these  days 
will  be  alternated  with  another  lesson.    Operate  the  wastewater  trainer. 

Guide  the  students  while  using  the  progress  check  directions  of  operation. 
Flow  water  through  the  complete  system  following  SOP  in  the  progress  check. 
During  trainer  operation,  troubleshoot  the  system.    Assign  and  monitor  student 
accomplishment  of  progress  checks.    Use  progress  check  to  evaluate  students. 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  I 


BLOCK  TITLC 

Wastewater  Treatment  and  Disposal 


COU  RSe  Tl  TLE 

Environmental  Support  Specialist 


1. 


COURSE  CONTENT 


9.    Tertiary ~( Advanced)  Treatment 


a.  Given  a  list  of  incomplete  statements  and  a  list  of  terms 
and  phrases  related  to  advanced  wastewater  treatment,  select  the 
correct  term  or  phrase  that  pertains  to  each  staterjient.    Seven  of 
the  ten  selections  must  be  correct.    STS:  9d(27),  9djr28),  9d(30), 
12a(5)>  12b(13),  12b(14),  12b(15),  12c(  l3)7TZcri4TrT2c(  IbJ^ 
Meas :  ~ 

(1)  Define  Tertiary  (Advanced)  Treatment  (AWT) 

(2)  Methods  of  tertiary  treatment 

b.  Given  information  and  a  troubleshooting  guide  and  four 
problems,  list  one  corrective  operational  or  maintenance  procedure 
for  a  phosphate  tank,  denitrification  unit  and  a  carbon  filter  lAW 
AFM  91-32.    Two  of  the  four  procedures  must  be  correct.  STS: 
12c(13),  12c(14),  12c(15)      Meas:  PC 

(1)  Operation  and  maintenance  problems 

(2)  Troubleshooting 

SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Material 

SW  J3ABR56631  OOO-IV-9,  Tertiary  (Advanced)  Treatment 
AFM  91-32,  Operation  and  Maintenance  of  Domestic  and  Industrial 
Wastewater  Systems 

T 

f 

I     Audio  Visual  Aids 
?  Films: 


Day  39 
(2) 


(2) 


46817  -  A  Tom  That  Washes  Its  Water 
46626  -  The  Living  Filter 


Training  Methods 
Lecture/Discussion  (2.5) 
Performance  (1.5) 
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SUP6RVI$0R  APPROVAL  OF  LESSON  PLAU 

SIGNATURE  AND  DATE 

SIGNATURE  AND  DATE 

POl  NUMBER                                                      j  BLOCK 

J3ABR56631  000                     I       IV  I 

UNIT             1    DATE  j 

9      1      4  June  1984  | 
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1  '                                  PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  1 

1 

COURSE  TITLE 

Environmental  Support  Specialist 

1  BLOCK  TITLE  ' 

1    Wastewater  Treatment  and  Disposal 

1  >•                                                             COURSE  CONTENT 

Z  TIME 

1    10.    Disinfection  Process 

1           a.    Given  a  schematic  of  a  wastewater  plant,  identify  the 
j    points  where  chlorine  may  be  applied  and  complete  written  statements 
1    related  to  wastewater  disinfection.    Ten  of  the  fifteen  conipleted 
1    statements  must  be  correct.    STS:    12a(6)     Meas:  PC 

1                 (1)    Definition  of  disinfection  process 

1                 (2)    Applying  chlorine 

1                 (3)    Forms  of  chlorine 

1                 (4)    Chlorine  handling  and  storage 

1                 (5)    Other  disinfectants 

1    *End-of-Course  Appointments 

1                                SUPPORT  MATERIALS  AND  GUIDANCE 

1    Student  Instructional  Material 

1     SW  J3ABR55631  000-IV-lO,  Disinfection  Process 

1    AFM  91-32,  Operation  and  Maintenance  of  Domestic  and  Industrial 

1                   Wastewater  Systems 

1    Training  Methods 

J     Lecture/Discussion  (1.0) 

j     Performance  (1.0) 

1     Instructional  Guidance 

1     Discuss  the  disinfection  process  throughout  the  wastewater  system, 
j     Explain  the  chemistry  of  chlorine  and  how  and  where  it  is  applied 
1    within  the  plant  system.    Emphasize  the  importance  and  safety  of 
j     handling  and  storing  the  different  forms  of  chlorine.  Briefly 
j     discuss  the  other  types  of  disinfecti ves  and  the  maintenance  of 
1     chlorine  equipment.    Use  AFM  91-32  for  information  and  guidance. 
1     Assign  and  monitor  student  accomplishment  of  progress  check. 
1     Use  progress  checklist  to  evaluate  students. 

2 

Day  39 
(2) 

(2) 

1                                                       SUPERVISOR  Af»PROVAL  OF  LPSSOM  PL  AH 

1                            Stf<^«rUfte  AND  DATE 

SIGNATURE  AND  DATE 

POI  NUMBER                                                      1  Bl.OCK 

1     J3ABR56631  000                     j  IV 

AY/*      FORM         194                                           PDr^..«iic  »nu 

UNIT                 DATE  1 

10           12  May  86  (Chg) 

>ACE  NO. 

85 

ATC    juV^       J33  PREviCUS  EOITION  OBSOLETE 


7  b 


ERIC 


NAME  OF  INSTPnJCTOR 


PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  I 


BLOCK  TITLE 

Wastewater  Treatment  and  Disposal 


COU  RSE  n  TL  C 

Environmental  Support  Specialist 


1. 


COURSE  CONTENT 


!!•    Logs  and  Reports 

a.  Given  pertinent  data  about  a  wastewater  plant  and  AF  Forms 
1462  and  1463,  complete  the  forms.  Four  of  the  seven  entries  must 
be  correct.    STS:    51^,  8d     Meas:  PC 

(1)  Purpose  of  records 

(2)  Types  of  records 

(3)  Requirements  of  records 

SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Material 

SW  J3ABK56631  000-lV-ll,  Logs  and  Reports 

Training  Methods 
Lecture/Discussion  (1.0) 
Performapice  (1.0) 

Instructional  Guidance 

ulscuss  tne  various  types  of  logs  and  reports  an  operator  should 
document  and  keep  on  file.    Explain  the  purpose  and  use  of  equipment 
and  utility  logs.    Stress  the  importance  of  AF  Forms  1462  ana  1463. 
Assist  students  with  information  and  documentation  of  these  forms. 
Assign  and  monitor  student  accomplishment  of  progress  check.  Use 
progress  checklist  to  evaluate  students. 

6.  Written  Test  and  Test  Critique 

7.  Course  Critique  and  Graduation 

*Predeparture  Safvty  Briefing  and  End-of-Course  Appointments 

*DENOTES  MILITARY  TRAINING 


ATC 


JUN  78 


PREVIOUS  EOTtON  OBSOLETE 

77 


Z  TIME 


2 

Day  40 
(2) 


2 
2 
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ASSlGr^ENT  SHEET 

This  assignment  sheet  should  be  used  when: 

You  are  to  complete  only  a  part  of  this  text. 

Your  assignment  within  this  text  is  divided  into  two  or  more 
reading  periods. 


Your  instructor  will  make  assignments  by  identifying  specific  objectives, 
text  material,  and  review  questions. 

.   ASSIGNMENTS 


OBJECTIVES 
(by  No) 

TEXT  MATERIAL 
(by  Page) 

REVIEW  QUESTIONS 
(bv  No) 

i 

o  79 

ERIC 


MATTER 


OBJECTIVES 


1.  Write  the  definition  of  matter. 

2.  List  the  three  states  of  matter. 

3.  Identify  the  states  of  matter  from  a  given  list  of  diagrams  which 
show  the  transfer  of  each  state  of  matter  from  one  container  to 
another. 

4.  Match  the  terms    volume,  mass,  universal  attraction,  weight, 
density,  inertia,  porosity,  impenetrability    with  a  list  of 
statements  describing  these  terms. 

5.  Draw  the  "Magic  Circle''  for  weight,  volume,  and  density;  and 
write  the  formula  for  finding: 

a.  weight 

b.  volume 

c.  density 

6.  Match  the  terms    element,  compound,  molecule,  and  atom    with  a 
list  of  s*- '**'ement8  describing  these  terms. 


SUGG£ST^y  lt.:^\jD^r  Tllir-  iJIJUT^o 


ii 

5u 


* 

1.    The  earth  and  the  planets^  or  anything  th^t  can  be 
.found  on  or  in  them,  take  up  space  and  have  weight 
(a  vacuum  does  not  have  weight) . 
These ^things  are  called  matter. 
Matter  is  anything  that  has  weight  and  occupies 

SPACE 

2.    The  pencil  you  are  writing  with  has  weight  and 
• 

occupies  space.    The  pencil,  therefore,  is 
considered 

IIATTER 

3.    You  are  surrounded  by  matter.    The  air  you  breathe. 

These  things  and  anything  that  has  weight  and 
occupies  space  are  called 

MATTER 

4.    The  definition  of  matter  is  anything  th-*  t 

and 

HAS  WEIGHT 
OCCUPIES  SPACE 

5.    What  is  the  definition  of  matter? 

^ — 1 

t 

I 


er|c 


(From  page  6A) 

2A  ^ 
You  will  be  embarrassed  whtu  you  return  to  page  6A  and  look  at  the  dia- 
gram you  said  represents  a  solid.    Go  back  now  and  think  about  your 
choice.    Yoa  will  find  that  It  does  not  have  the  properties  of  a  solid. 
Choose  the  correct  one  and  continue  the  program. 


(From  pag:es  4A  or  6B) 
2B 

Good.    You  know  how  liquids  react  and  look  when  transferred  from  one  con- 
tainer to  another.    Gases   will  react  in  a  certain  way, too.    They  will 
assume  the  shape  and  the  volume  of  a  new  container,  as  shown  by  helium 
being  blown  Into  a  balloon.    A  set  of  diagrams  showing  the  transfer  oi 
gas  from  one  container  to  another  would  look  like: 

If  your  answer  Is:  Turn  to  page: 


TO 


TO 


46 


6A 
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ANYTHING  THAT 
HAS  WEIGHT  AND 
OCCUPIES  SPACE. 

6.    Matter  exists  as  a  solid.     It  also  exists  as  a 
gas  and  a  liquid. 

The  three*  states  in  which  matter  existc  are 

and 

3  SOLID 
!  LIQUID 
GAS 

7.    Water,  blood,  and  gasoline  are  liquids.  Steel, 
woodland  ice  are  solids.    Oxygen,  CC2,  and  water 
"apor  are  gases.      Gases,    solids,  and  liquids 
are  the  three  cf 

STATES 
HATTER 

3.    What  are  the  three  states  of  matter? 
1. 
2. 

3. 

SOLID 

LIQUID 

GAS 

9.     Each  state  of  matter  Vohaves  differently  when 
moved  from  one  container  to  another.    When  the 
gas  from  a  can  of  ''Spare  Tire"  is  released  into  a 
tire,  it  occupies  the  volume  and  assumes  the  shape  j 
of  the  tire.     If  milk  is  poured  from  a  pint  buttle  1 
into  a  quart  pan,  will  the  liquid  assume  tho.  shaoe 
and  che  voluir.e  of  the  pan? 

If  your  answer  is:           Turn  to  page: 
Yes  4A 
No  bb 

83 


{?Tcm  page  3, frame  9) 
4A 

Incoriftct.     It  does  not  assun^e  the  volume  of  the  pan.    If  ;  pour  the 

milk  (1  pint)  irlo  the  pan  (1  quart),  will  it  fill  the  pan?  Of  course 
/lot,  but  it  will  assume  the  shape.    This  is  the  way  liquids  react  in  the 
transfer  process.    They  assume  the  shape  but  NOT  the  VOLUME.    The  irrz^s- 
fer  o£  liquid  shown  as  a  diagram  would  look  like: 

If  your  ansver  is:  Turn  to  page: 


2B 


8A 


(From  page  2"  ^ 
4B 

Gas  will  take  up  the  entire  space  and  assume  the  shap<>  of  the  new  con- 
I    tainer  when  transferred.    Return  to  page  2B  and  look  at  the  diagrams; 
j    see  which  set  of  diagrams  represents  a  ges  and  then  turn  to  tha  correct 

answer  page. 


ANSWER  TO  20A 
W-  DV 


10.    You  are  not  reading  what  you  should  be  I    If  you 
had  follcw*?d  instructions, you  wouldn't  be  reading 
this  frame.    Return  to  frame  9  and  continue  the 
program. 


CHEMICAL 
ELEMENTS 


ELEMENT 


(  Froa  p&ge  2QA  ) 

11.    An  ELEMENT  Is  a  substance  that  cannot  be  reduced 

to  simpler  substances  by  chemical  means.  Gold, 
oxygen,  and  platinum  cannot  be  reduced  to 

simpler  substances  by   n^ans 

because  they  are 


12.    A  substance  that  cannot  be  broken  down  into  a 

simpler  'Substance  by  chemical  means  is  called  ^ 
a /an 


13.    Elements  are  the  basic  substances  that  ar«^  com- 
bined to  form  the  many  things  that  we  know  as 
compounds .    Water  and  sugar  are  examples  of  com- 
pounds because  they  are  a  combli;atlon  of  two  or 
more  elemants.    An  element  cannot  be  reduced  to  a 


by 


chemical  means ,  and  a /an 


is  made  up  of  two  or  more  elements, 


CONTINUE  ON  PAGE  7 


85 


(From  page  2B) 
6A 

Right.    You  have  shown  that  you  know  a  gas  will  take  the  size  and  shape 
of  a  new  container  if  transferred.     So  far,  you  know  what  liquids  and 
gnses    do  when  they  are  transferred  from  one  container  to  another. 
Solids  react  entirely  differently.  They  assume  NEITHER  the  sh^pe  nor  the 
volunie  of  the  ne^if  container.    Move  a  block  of  wood  from  a  small  box  to 
the  back  of  a  truck.    It  does  not  change  in  shape  or  volume.    Shown  as  a 
dl^grajc,  transfer  of  solids  would  look  like: 

If  your  answer  Is:  Turn  to  page: 


"iiiiiiiiiiiii/  ^ 


2A 


to 


lOB 


(From  page  3^  f  raiiie  9) 
5B 

Very  good.  .As  you  nave  fihown,  liquids  assume  the  shape  of  a  new  container 
but  not  tha  volume  (unlc:. the  twr  volumes  are  the  same)      This  can  be 


shown  in  a  diagram,  which  '^''^ht  look  like; 
If  your  answ*. I  is; 


'urn  to  page: 


2B 


13B 


'1 
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1  SIMPLER 
1  SUBSTAHCE 

1  COHPOUND 

14.    There  ere  meny  common  thinge  that  ere  elements 
or  compounds.    Hydrogen,  iron,  eluminum,  carbon, 
end  tin  ere  ell  examples  of 

beceuse  it  hes  been  found  thet  they  cennot  be 
broken  dovn  or  chenged  into  something  simpler 
(by  chemical  means). 

ELEMENTS 

IS.    Some  common  examples  of  compound/?  arc  earth, 
wood,  paper,  salt,  and  air.    In  order  to  be 
classed  as  a  compound,  the  substance  must  have 
at  least  elements. 

TWO  (2) 

16.    Plastic,  co^^on,  and  air  can  all  be  reduced  to  a 
mater or  substance  that  is  simpler  or  different, 
since  they  are  made  up  of  several  dfflerent  ele- 
ments.   They  are  known  as 

COMPOUNDS 

17.    Matter  is  made  up  of  very  small  particles  called 
atoms  and  molecules.    These  two  small  particles 
are  different^ since  it  takes  2  or  more  atoms  to 
make  a  molecule.    Another  way  to  say  it  is—  an 
«tom  combined  with  another  atom  or  atoms  makes 
a /an 

CONTINUE  ON  PACE  9 
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(From  page  4A) 
8A 

Wrong.    Tht  diagram  shows  that  the  liquid  Is  assuming  the  shape  and  the 
volume.      Liquids  will  assume  the  shape  and  the  volume  0N;LY  when  the  two 
containers  have  the  same  volume  •    This,  of  covrse,  is  not  characteristic 
of  liquids.    Go  to  pago  4A  and  choose  the  diagiams  showing  the  transfer 
of  liquid  from  one  container  to  another. 


(From  page  lOB) 
8B 

ANSWERS  TO  PAGE  lOB  -  -  a.  L,  b.  S,  c.  G 

Identify  the  state  of  matter  in  the  diagrams  below  that  show  the  transfer 
of  matter  from  one  container  to  another.    The  shaded  area  represents 
matter.    Fill  in  the  blank  between  each  set  of  diagrams,  using  a  G  for 
gas,  L  for  liquid,  and  S  for  solid. 


b. 


f. 


(a) 

mm 


■ 


Tui n  to  pag^  lOA 


ERIC 


88 


MOUCULB 

(Frott  f raoe  17,  page  7) 
le.    An  atom  !•  the  •mallest  particle  of  an  elenent 
thxt  can  coablne  with  other  atoms  to  form  mole- 
cules.   A  aolecule  is  the  ssMllest  part  of  a 
substance  that  will  h^ve  all  th^  rh*rMr^al.^-^^^. 
of  that  substance.    The  snallest  part  of  water 
that  BtfM  has  all  the  properties  of  water  is 
a/an 

MOLECULE 

19.    A  nnlccule  will  have  all  the  properties  of  a  sub- 
stance.   The  particles  that  make  up  the  moUcules 
ai^d  do  not  necessarily  have  anv  of  th^  nmn^r^  iAs 
cf  the  subiiitance  are  called 

ATOMS 

20.    Remembci;  that  a/an                                        "tirnvs^  to 
have  any  of  the  properties  of  chw          ance  of 
which  it  is  a  part.    The  smallest  particle  of  a 
substance  that  does  have  all  the  properties  of 
it  is  a/an 

CCMTINUB  ON  PACE  llA 

9 
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(From  page  8B} 
IQA 

ANSWERS  TO  PAGE  8B  -  -  a.  S^  b.  L,  c.  S,  d  . 


G. 


There  are  several  s^^neral  properties  which  h^)  tnatter  haa  in  coimon. 
These  are:  volume,  mass,  universal  attraction,  weight,  density,  inertia,  I 
porosity,  and  impenetrability.    Would  steel  h^ve  the  same  general  proper 
ties  as  wood? 

If  your  answer  is;  Turn  to  page: 

Yes  lAB 
No  I2A 


(From  page  6A) 
IQB 

RIGHT.    As  a  quick  review^    liquids  assume  the  shape  but  not  the  volume; 
gas  will  take  both  the  nev  shape  and  volume:  a  solid  wUl  not  change 
either  its  shape  or  its  volume.    All  these  transfers  from  container  to 
container  can  be  shown  by  diagrams. 

Identify  the  st-v:->s  of  matter  in  the  diagrams  below.    Use  G  for  gas,  L 
for  liquid,  and  S  for  solid. 


b. 


c. 


Turn  to  page  8B 


(From  page  9,  f  rati>2^  iO) 
llA 

ANSWERS  TO  FRAME  30  -  -  atom,  mol«cule 

Identify  each  ^:stement  below  as  a  description  of  either  an  element,  com- 
pound, molecule,  or  atom.    Write  the  name  in  the  provided  blank, 
a        ^thing  that  is  made  up  oi  several  different  elements. 

b.  A  small  particle  that  when  combined  with  other  particles  of 
similar  size  makes  \  molecule. 

c.  This  cannot  be  reduced  to  a  simpler  substance  by  chemical 
means. 

d.  The  smallest  part  of  a  substance  that  retains  all  the  properties 
of  that  substance.   

TURN  TO  PAGE  14C 

(From  page  15A) 
IIB 

Very  good.  Apparenr V  you  know  how  to  use  the  magi?  circle.  Any  one 
of  the  three  properties  is  just  as  easy  to  find.  Turn  to  page  17A  to 
check  your  understanding  of  the  magic  circle. 

(From  page  13A) 
UC 

Your  answer,  i^ater,  is  incorrect.    Remember  that  density  is  the  weight 
per  unit  volume  of  matter.    The  density  of  mercury  is  850  pounds  per 
cubic  foot .  whereas    fresh  water  has  a  density  of  62.5  pounds  per  cubic 
fool.     In  other  words,,  a  unit  volume  of  mercury  (in  this  case^a  cujic 
fool)  weighs  more  than  a  unit  volume  of  water;  consequently,  mercury  is 
denser  than  water.    Now  return  to  page  13a  and  select  the  correct  answer. 
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(From  page  lOA) 
12A 

Your  answer,  no,  is  incorrect.         said  that  there  were  several  general 
properties?  which  all  matter    has  in  common.    Even  though  steel  >^6ter 
are  different  states  of  matter.,  they  are  still  matt<ir;  and,  ro, 
have  the  same  general  properties.    Return  ir  page  lOA  and  select  the 
correct  answer. 


(From  page  I4B) 
I2B 

You're  right,  very  gc:d.    All  matter  occupies  space;  therefore,   -t  has 
volume.    The  next  general  property  we  will  cover  is  mass.    The  measure 
of  the  quantity  of  matter  in  a  body  is  called  its  mass.    The  mass  of  a 
given  body  is  constant^""  it  does  not  vary.    As  an  example  of  mass, 
consider  a  sponge.     It  contains  a  definite  measurable  amount  of  mass. 
Whether  we  squeeze,  stretch,  or  soak  the  spc^ige  in  water,  the  mass  will 
not  change,  even  though  the  size  and  shape  may  be  altered.     The  amount  of 
sponge  will  remain  unchanged.     In  other  words,  the  mass  of  the  sponge 
will  remain  constant. 

If  you  squeeze  a  rubber  ball^you  are  also  decreasing  its  mass. 
If  your  answer  is:  Turn  to  page: 

True  18D 
False  ^^A 
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(From  page  16A) 
13A 

Weight  is  the  attractive  force  of  the  earch  for  a  body. 
The  next  general  property  of  matter  we  will  cover  is  density.  Density 
is  the  weight  of  a  unit  volume  of  matter.     Iron  ijs      denser      thar.  vood. 
This  means  that  one  cubic  foot  of  iron  weighs  nicre  than  one  cubic  foot  of 
wood.    The  more  matter  (mass)  there  is  in  a  given  volume  of  a  substance, 
the  denser  that  material  is.    Shown  below  are  some  examples  of  densities. 


DENSITIES 
LBS./CaFT. 


LEAD  IRON  MAPLE  CORK  BALSA 

700  47B  4B  IS  78 

Which  would  he     denser,      water  or  mercury? 


If  yovr  answer  is:  Turn  to  page: 

water  IIC 
mercury  20B 

(From  page  6B) 
13B 

Wrong.    The  diagram  shows  that  the  liq  id  is  assuming  the  shape  and  the 

volume.    Liquids  will  assume  the  shape  £nH  tlie  volume  ONLY  when  the  two 

containers  have  the  same  volume.    This,  of  courie,  is  not  characteristic 

of  liquids.    Go  back  to  page  6B  and  choose  the-correct  nfswer. 


13 


(From  page  12B) 
14A 


You  selected  false,  and  you're  right.     Always  remember  that  the  mass  of 
a  given  body  is  constant .    The  next  general  property  of  matter  we  will 
cover  is  universal  attraction.    All  matter  attracts  all  other  matter. 
This  fact  was  first  stated        Sir  Isaac  Newton,  and  it  is  known  as  New- 
ton's law  of  universal  gravitation.    As  an  example,  the  earth  is  hound 
to  the  sun  by  the  mutual  attraction  cf  the  matter  contained  in  the  sun 
and  the  earth.    Would  universal  attraction  have  anything  to  do  with 
why  we  are  bound  to  the  earth? 

If  your  answer  is:  Turn  to  page: 

Yes  16A 

No  19B 


(From  page  lOA) 
14B 

You  are  absolutely  right.    We  said  that  the  gener"'.  properties  of  matter 
were  coitmion  to  all  matter. 

Le^;'?L  rTiOw  discuss  each  one  of  the  general  properties  of  r.aLier^  starting 
With  ^lume. 

It  m^vter  occupies  space,  as  we  found  it  does,  it  must  have  length,  width, 
Si^d  Height.     In  other  words,  volume  is  the  measure  of  the  amount  of  space 

.. i-vh  v>i<f.tter  occUj-  -ja.s . 
Does  ^ n.,ve  vc-c.m^? 

If  your  answti   is:  Turn  Co  page; 

Yes  12B 

No  '  5B 


(From  page  11 A) 

l/fC  ' 

ANSWERS  TO  PAGE  llA:     a.  Cor.nound         Atom    c.  Element    d.  Molecule 

V.iis  corapletes  tl.e  progr.'^m  on  ndLtcr.  Review  the  objectives  before  taking 
the  self*tesL . 


14 
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(From  page  16B) 
15A 

No.    You  can  only  pul  the  other  two  values  to  the  right  of  the  =  sign. 
Thus  W"VD.    The  formula  wns  derived  like  this---  /^"^^k 

Id 

V  j       W  =  DV 

As  you  notice  in  the  circle,  the  V  and  the  D  are  side  by  ^.ide.  They 
are  also  side  by  side  when  they  are  substituted  in  the  formula.    If  you 
want  to  find  the  volume  or  the  density,  then  your  formula  vill  change. 
What  is  the  formula  for  finding  volurne? 

If  your  answer  U                          Turn  to  page: 

W  «  DV  17B 

V  »  WD  19A 

V  •  H  UB 
D 

(From  page  14B) 
15B 

Wrongi  think  again.    Doesn't  the  air»  which  is  a  gas,  occupy  a  certain 
amount  of  space  in  a  balloon?    The  CO2  in  a  life  raft  occupies  a 
certain  amount  of  space,  doesn't  it?    The  volume  of  gas  is  determined 
the  size  of  the  container  in  which  it  is  contained  and  this  quantity 
volume  is  measured  in  cubic  units,  such  as  cubic  inches,  cubic  feet,  : 
Now  return  co  pag«»  14B  and  select  the  correct  answer. 

(From  F5ge  J8A  or  18C) 
15C^ 

Wrong.    The  formula  fo**  finding  volume  is  not  V  *  WD, 
^^J^^^^      has  the  W  ;^VFR  t  :ie  D.     It  would  becoitn 

T.'ie  magic  circle 

Turn  to  page  17A  and  continue  the  provjram. 

15 

95 

o 

ERIC 


(From  p«f e  14A) 
16A 


You  re  right.    We  are  attracted  to  the  earth,  as  is  the  earth  attracted 
to  ufi,  by  universal  attraction  (gravitation).    Of  course,  the  ffirthcr 
away  from  the  earth's  surface  a  body  is, the  less  gravitational  attraction 
there  will  be  on  that  body. 

Now,  let's  move  on  to  the  next  general  property  of  matter  —  weight- 
The  attraction  of  the  earth  for  a  body  acts  as  ^  pull  on  that  body.  We 
may  say  that  the  earth  exerts  an  attractive  forc^   m  the  body.  The 
measure  of  the  attractive  force  of  the  earth  for  a  body  is  galledThe 
weight  of  the  body.    As  an  example,  if  you  we  :gh  1  ;5  pounds,  the  mass  of 
your  body  and  the  mass  of  the  earth  mutually  attract  each  other  with  a 
force  of  145  pounds.    Therefore,  weight  is  the  


Turn  to  page  13A 


(From  page  19C) 
16B 

Answers  from  page  19C.  I  -  G.  2  -  E.  3  -  F,  4  -  A,    5  •  B,  6  -  C, 

7  -  D,  3  -  H- 

Now  let  ae  introduce  you  to  the  'Tdagic  Circle." 

W»  Weight 
V  y      V«  Volume 
D«  Density 

There  is  uothing  magic  about  it,  but  it  does  make  memory  work  a  little 
easier.    With  it, we  can  find  any  ONE  of  three  characteristics  of  matter 
(volume,  density^or  weight).    You  must  know  two  in  order  to  find  the 
third.    To  do  this,  take  the  one  you  wish  to  find  from  the  circle  and 
place  the  letter  to  the  left  of  the  »  sign.    Then  place  the  other  two, 
just  as  they  appear  in  the  circle,  to  the  right  of  the      ;ign.  For 
instance,  if  you  wish  to  find  the  weight:  of  an  object,  take  the  W  out 
of  the  circle,  put  an  •  sigr  qfter  it,  and  place  '  \e  remaining  two  known 
values  after  the  *»  sign  Like  r.his: 

If  your  answer  is:  Turn  to  page: 

W  =DV  18A 
W  =  ^  18C 


9b 


(From  page   IIB,  15C,  ISA,  18C,  or  19A) 
17A 

Right  I    You  should  be  ready  for  a  test  In  writing  forawlas  and  the  magic 
circle*    If  you  don't  feel  you  can  derive  a  formula  from  the  magic  circle^ 
return  to  page  16C  and  go  through  the  frames  on  the  magic  circle  again; 
otherwise,  draw  the  magic  circle  and  write  the  formula  for  finding 
density* 


Magic  Circle 


Formula 


Turn  to  page  18B  for  answer 


(From  page  15A) 
17B 

W  =  pv  is  the  formula  for  finding  weight, not  volume.    The  unknown  must  go 
to  the  left  of  the  «  sign;  so,  for  finding  volume,  the  V  goes  to  the  left 
(V=),    Return  to  page  15A    and  select  the  correct  fonraila  as  you  get  it 
from  the  magic  circle. 


(From  page  22A) 
17C 

Yes,  water  will  seep  through  a  cement  block  foundation  unless  the  blocks 
are  waterproofed  because  of  the  porous  na::ure  of  cement. 
The  last  general  property  of  matter  we  will  cover  is  impenetrability. 
No  two  objects  can  occupy  the  same  space  at  the  same  time  because  all 
matter  is  impenetrable.    A  nail  driven  into  a  board  does  not  penetrate 
the  wood,  but  pushes  the  fibers  aside.    The  drawing  shown  below  illus- 
trates the  impenetrability  of  matter.    Explain  why.   


CONTINUE  ON  PAGE  22B 
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(From  page  16B) 
18A 

Very  good.    As  you  have  Indicated  by  your  formula,  the  W  is  taken  from 
the  magic  circle  and  placed  to  the  left  of  the  »  sign.    The  V  and  the  D 
are  side  by  side.    This^  of  course^  means  volume  times  density  =  weight. 
If  you  were  going  to  find  the  volume  of  an  object,  the  formula  would  be: 
It  your  answer  is:  Turn  to  page: 


WD  15C 

W 
D 


V  =  17A 


(From  page  17A) 
18B 

ANSWERS  TO  PAGE  17A:  (    ^    \     and  D-  ^ 


Turn  to  page  2 OA 


(From  page  16B) 
18C 

No.       W«  —    is  not  correct.    If  you  take  the  W  irom  the  magic  circle, 
D 


to  find  weight  you  will  have  this 

The  V  and  the  D  are  side  by  side.  It  is  also  that  way  in  the  formula. 
W=DV  nieans  weight  equals  volume  times  density. 

If  you  want  to  find  the  volume  of  an  object,  you  substitute  from  the 
magic  circle  and  have  this  formula: 

If  your  answer  is:  Turn  to  page: 

V=  WD  15C 
V=  I  17A 


(From  page  12B) 
18D 

Wrong.    Remember,  we  said  that  the  mass  of  a  given  body  is  constant; 
it  does  not  vary.    By  squeezing  the  rubber  ball,  all  we  have  done  is 
change  its  volume.    Now  return  to  page  123  and  select  the  correct 
answer. 


ERIC 
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(From  page  15A) 
19A 


Draw  a  magic  circle  ...  Now  look  at  the  W  and  the  D. 

Are  they  side  by  side  as  you  indicated  in  your  formula?    As  you  have 
noticed  by  now,  the  W  is  OVER  the  D  with  a  line  between  them.  The 
problem  asked  for  the  formula  for  finding  volume.    As  you  take  the 
letters  from  the  magic  circle,  they  will  fall  right  into  their  proper 
places  and  look  like  this;  ^ 


Turn  to  page  17A  and  continue  the  program. 


(From  page  14A) 
19B 

Your  answer,  no,  is  incorrect.    Remember,  universal  attraction  means 
that  all  matter  attracts  all  other  matter.    Therefore,  we  are  bound  to 
the  earth  s  surface  by  a  certain  force  because  of  the  attraction  between 
our  bodies  and  the  earth's  surface. 

Now  return  to  page  14A  and  select  the  correct  answer. 


(From  page  22B) 
19C 

Match  the  terms  with 

1.  Weight  

2.  Volume 

3.  Mass 


4.  Universal 
attraction 


5.  Density^ 

6.  Inertia 


7.  Porosity 


8.  Impenetrability 


the  statements. 

A.  All  matter  attracts  all  other  matter 

B.  The  weight  of  a  unit  volume  of  matter 

C.  Matter  lacks  the  ability  to  either  start  or 
stop  itself. 

D.  All  matter  is  granular  (space  between  parti- 
cles). 

E.  The  measure  of  the  amount  of  space  which 
matter  occupies 

F.  The  measure  of  the  quantity  of  matter  in  a 
body.     It  is  constant. 

G.  The  measure  of  the  attractive  force  of  the 
earth  for  a  body 

H.  No  two  objects  can  occupy  the  same  place  at 
the  same  time. 


CONTINUE  ON  PAGE  16B 
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(From  page  18B) 

Draw  the  magic  circle  for  weighty  density, and  volume,  ard  write  the  for- 
mulas for  finding  weight,  density, and  volume. 

Magic  Circle    here:  Formulas  here: 


Turn  to  page  5,  frame  11 


(From  page  13A) 
2QB 

Very  good.    Mercury  is  denser  than  water.    Remember,  we  said  that  density 
is  the  weight  of  a  unit  volume  of  matter.    The  density  of  water  (fresh) 
is  62.5  pounds  per  cubic  foot,  whereas    the  density  of  mercury  is 
approximately  850  pounds  per  cubic  foot. 

The  next  general  property  of  matter  we  will  cover  is  inertia.  According 
to  Newton's  law  of  inertia,  a  body  continues  it.  its  state  of  rest,  or 
uniform  motion,  unless  an    unbalanced  force  acts  on  it.    In  other  words, 
matter  lacks  the  ability  to  either  start  or  stop  itself.    Some  examples 
of  inertia  are-*  the  inability  to  stop  a  speeding  car  when  the  brakes 
fail  and  the  inability  of  an  aircraft  to  make  a  carrier  landing  without 
arresting  gear.    In  the  sketch  shown  below,  the  inertia  of  the  coin 
(inability  to  start  itself)  allows  us  to  flick  the  card  from  under  it, 
.and  the  coin  drops  directly  into  the  glass. 


Would  inertia  ever  be  a  factor  on  your  body  if  you  were  a  passenger  ridd- 
ing in  an  automobile?    Yes /No   

Give  an  example.  


Turn  to  page  21A 
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(From  page  2QB) 
21A 

Yes, it  would.    An  example  might  be  as  follows:     if  you  were  a  passenger 
riding  in  a  car  traveling  at  60  miles  per  hour  and  the  car  stopped 
suddenly,  what  would  be  the  action  of  your  body  if  you  were  not  wearing 
seat  belts?    According  to  the  law  of  inertia^  a  body  in  motion  continues 
in  motion  unless  acted  upon  by  an  outside  force.    Therefore,  your  body 
would  be  thrown  forward  and  through  the  windshield.    If  the  car  acceler- 
ated  suddenly,  the  action  of  your  body  would  be  being  thrown  against  the 
back  of  the  seat.    These  are  both  examples  of  inertia. 
Porosity  is  the  next  general  property  of  matter  we  will  cover.  All 
matter  is  granular,  that  is,  it  has  space  or  pores  between  the  particles. 
The  amount  of  space  between  the  particles  depends  upon  the  structure  of 
the  material.    In  the  sketch  shown  below,  notice  that  when  a  pint  of 
water  and  a  pint  of  alcohol  are  mixed^they  do  not  equal  a  quart  of  the 
mixture. 


WATER 


ALCOHOL 


MIXTURE 


This  would  suggest  thPt  the  alcohol  partially  fills  the  spaces  between 
the  particles  ot  water. 

CONTINUE  ON  PAGE  22A 
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(From  page  21A) 
22A 

To  illustrate  the  point  more  clearly,  look  at  the  illustration  below. 


COARSE 
GRAVEL 


SAND 


COARSE  GRAVEL 
AND  SAND 


If  we  had  two  similar  containers ,  one  filled  with  gravel  and  one  filled 
with  sand,  and  if  both  cf  these  containers  were  emptied  into  a  Lirger 
one,  the  container  with  the  sand  and  gravel  mixture  would  not  be  com- 
pletely ft  11, because  the  sand  would  fill  the  spaces  between  the  gravel. 
Could  water  seep    through  the  cement  foundation  of  a  house?       Yes /No 


Why? 


Continue  on  page  17C 


(From  pag£i  17C) 
22B 

Impenetrability  of  matter  '.^  shown  in  the  illustrati-^r  becpuse  the  water 
level  rises.    The  objr.ct  be-i^g  lowered  into  th^  wirer  takes  some  of  the 
water's  space^ which  inuicLV*?  clwit  no  two  objects  can  occupy  the  same 
place  at  the  same  time. 


Continue  on  page  19C 


22 


SELF-TEST 
MATTER 

Write  the  definition  of  matter. 


List  the  three  states  of  matter. 

1.  

2. 


3. 


ItT^  /    w         *  °^  "^"^  "'^'=^"8  «  <5  for  gas.  S  for  solid, 

and  L  for  liquid  in  the  spaces  provided  between  each  set  of  diagrams 

showing  the  transfer  of  states  of  matter  from  container  number  1  to 

container  number  2.  The  lined  area  represents  the  apace  occupied  by 
matter. 

CONTAINER  NO.  I 


w 


CONTAINER  NO.  2 


IIIIIHII 


4.  Match  the  terms    volume,  mass,  universal  attraction,  weight,  density, 
inertia,  porosity,  and  impenetrability  with  the  list  of  statemenns 
describing  these  terms. 

A.  All  matter  attracts   ill  other  i.iatter. 

B.  The  weight  of  a  unit  volume  of  mat  tor. 

C.  Matter  Ucks  the  ability  to  either 
start  or  stop  itself. 

D.  All  matter  is  granul  ir  (space  h«:!iwei?r 
particles) . 

E.  The  measure  of  the  amount  of  sp.ico 
which  matter  occupies. 

F.  The  measure  of  the  quantity  of  ir^atrer 
in  a  body.     Il   is  constant, 

G.  The  measure  of  the  attractive  force  oj 
the  earth  for  a  body. 

H.  No  two  objects  can  occupy  the  sane 
place  at  the  same  time. 

5.  Draw  the  "Magic  Circle"  for  weight,  volume,  and  density,  and  write 
the  correct  formula  for  finding  each  of  chem. 

Weight    Draw  the  magic  circle  here 

Volume  — 

Density 

6.  Identify  each  of  the  following  phrases  or  statements  as  an  element, 
compound,  molecule,  or  atom.     Place  the  correct  name  in  the  space 
provided  below  the  statement. 

a.  Matter  that  contains  several  different  elements. 


1.  Weight 

2.  Volume 

3.  Mass 

4.  Universal 
at  tract  ion 

5.  Density 

6.  Inertia 

7.  Porosity 

8.  Impene trabil ity 


b.  The  smallest  particle  of  an  element  that  can  7ombine  with 
other  particles  to  Torm  molecules. 


c.  Water,  trees,  dirt,  ana  snow  are  all  examples  of 


d.  Gold,  hydrogen,  and  mercury  cannot  be  reduced  to  a  simpler  sub- 
stance by  chemical  means.    They  are  known  as 


e.  A  Substance  that  Is  broken  down  to  the  smallest  panicle  possible 
and  still  retains  all  the  properties  of  that  substance  is  a/an 


f.  Each  particle  that  combines  with  other  particles  to  form  a  mole- 
cule is  called  a/an 


g.  Matter  that  cannot  be  reduced  to  a  simpler  substance  by  chemical 
means  is  known  as  a/an 
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COUUSli  GUI DNTATION 

OBJECTIVE 

This  study  guide/workbook  wil i  acquant  you  with  the  course  organization,  contents, 
objectives,  instruction  and  mtiasurement  program,  and  course,  branch  and  group  policies. 

INTRODUCTION 

This  orientation  study  guidj^  is  an  introduction.     In  it,  we  will  try  to  introduce 
you  to  tlie  contents,   policies,  and  objectives  of  the  course  for  which  you  have  been 
selected.     In  our  instruction,  we  will  cover  the  daily  schedules,   the  instruction  and 
measurement  policies,   the  type  of  training  materials  used  and  other  items  of  interest  to 
you  as  an  entering  student.     Above  all,  we  want  you  to  feel  welcome  in  our  course  and  we 
will  do  everything  we  can  to  make  your  stay  at  Sheppard  worthwhile  and  pleasant  for  you. 
The  more  you  put  into  the  course,   the  more  you  will  get  out  of  it. 

Materials  presented  in  the  following  pages  will  be  under  the  major  topic  headings  as 
fol lows: 

^  AIR  FORCE  CAREER  PROGRAM  DN  CARtiER  ADVANCEMENT 
o  COURSE  ORGANIZATION 

o  COURSE  OPERATING  POLICIES,   ALERT  PROCEDURES,   AND  MEASUREMENT  ANO  GRADING 
PRACTICES 

o  HIGH  PERFORMANCE  STANDARDS  AND  HONOR  GRADUATE  PROGRAM 
o  INSTRUCTIONAL  METHODS  AND  TRAINING  LITERATURE  USED  IN  THE  COURSE 
o  STUDY  SKILLS  AND  STUDENT  NOTEBOOK 
o  ACCIDENT  PREVENTION  AND  SAFETY 
o  STUDENT  CRITIQUE  PROGRAM 
o  FRAUD,   WASTE  AND  ABUSE 
.    o  SEXUAL  HARASSMENT 


AIR  FORCE  CAREER  PRGRAM  AND  CAREER  ADVANCEMENT 

INFORMATION 

To  effectively  accomplish  the  mission  of  national  defense,   the  Air  Force  has  grouped 
many  jobs  and  duties  into  many  different  career  fields.     Some  of  these  career  fields  (or 
the  personnel  in  these  career  fields)  take  care  of  food  service,  pay,  transportation, 
personnel  records,   aircraft  maintenance,   communications,  and  many  other  jobs  necessary 
to  the  Air  Force  Mission. 

You  have  been  assigned  into  one  of  the  career  fields  which  support  Air  Force  Civil 
Engineering  activities.     Air  Force  Civil  Engineering  has  the  responsibilities  for  the 
procurement,  operation,  and  maintenance  of  base  property  in  general.     This  property 
includes  land  (grounds);  roads;  buildings;  water  supply,  sewage,  electrical,  air  condi- 
tioning, and  heating  systems;  airfield  runways  and  runway  lighting  systems;  and  other 
utilities  and  faciliites  required  to  keep  a  base  oprcationa  and  to  makti  it  a  safe, 
healthful  place  to  work.     Three  career  fields  which  are  regarded  as  civil  engineering 
are  tlie  mechanical/electrical,   the  construction,  and  the  sanitation  (the  one  you  are  in^ 
career  fields. 
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Sanitation  Careor  Field  (5t>) 


This  career  field  (called  the  5G  career  field),   in  which  you  are  now  assigned 
includes  the  specialties  responsible  for  the  operation  and  maintenance  of  water  and 
wastcawter  oauipment  and  systems.     The  specialties  within  this  field  are  Environmental 

-^^^  -     °-  -  mo-r^rrste-jsn- 

you  Vll^^rpl^J^^^l^^i^^  ^'^ri^^-e^i^^Ts 
your  career  field  are  provided  in  SG  J3ABR56G31  000-1-2,  Career  Field  Progression  and 
Training.     Study  it  very  carefully.     It  will  help  you  understand  the  imJoSnce  of  Jour 
job.     Success  in  any  job  depends  upon  a  thorough  understanding  of  that  Job 

Importance  of  your  Job 

J°  realize  the  importance  of  your  job  as  an  Environmental  Support  Specialist  all 
you  have  to  do  is  to  stop  and  think  a  moment  about  all  the  uses  li  wate?!    The  Jiods  we 
eat  today-meats     fish,  poultry,   fresh  vegetables,  and  fresh  f ruits-simply  would  not  be 
couL^^i?  r  water      Also,  critical  medicines  which  are  used  in  hospiLTs  every  day 

could  not  be  prepared  without  safe,   clean  water.     Can  you  imagine  what  it  would  be  liki 
to  need  a  drink  of  water  and  not  know  if  it  was  safe  to  drink? 

A  safe  water  system  needs  a  lot  of  equipment  and  all  of  it  requires  installation 
servicing,  maintenance .   and  operation.     From  this,   you  should  be  able  to  se^  the 
i?v?[f!r?  ?  ^"  ^^^'^  service  and  after  you  return  to 

Your  joo  is  not  only  one  in  which  it  is  interesting  to  work,   it  is  also  one  in  which 
t,.e  pay  and  prestige  in  civilian  life  makes  it  well  worthwhile.     Water  in  our  country 
and  the  entire  world  is  gradually  becoming  more  and  more  polluted.     People  Jlthyou^ 
training  will  be  in  constant  demand  to  purify  this  water. 

A  real  opportunity  is  before  you,   so  make  the  most  of  it.     Both  you  and  the  nation 

iioi  :^Tio^Tej.Teir"  ^^^^^    °'       -^"^ - 

Benefits  Gained  from  Course  Completion 

By  now,  you  should  be  able  to  see  all  the  benefits  you  can  gain  by  completion  of 
this  course.     These  benf its  can  be  summarized  as  the  completion^f  an  activity  smarted 
H^h'nn'''"^^  important  position  while  in  the  service,  an  important  and  well-paylnr 

job  upon  your  return  to  civilian  life,   and  last  but  not  least,   a  direct  and  important 
contribution  to  the  security  of  our  country.     All  of  these  benefits  are  worth  a  [otof 
hard  work  on  the  part  of  each  of  us.  w«ji       i  iol  oi 


Coiisequonci'H  of  Course  Failures 


u^^-,     I     IS  one  aspect  of  your  Air  Force  experience  that  we  don't  like  to  think  about. 
Most  of  us  have  a  strong  desire  to  successfully  complete  any  undertaking  we  begin.  The 
same  way  with  the  course  in  which  you  have  been  enrolled.     It  is  to  your  Sest  fn^^rest 
to  work  as  hard  as  you  can  to  complete  the  course.     It  should  become  a  matter  of  Trial 
to  be  successful  in  your  undertaking.  ■■■ai.i.ci         jji  xut. 

If  you  should  fail,  after  all  the  efforts  you  and  the  Instructors  put  forth,  you 
would  ir.o^t  likely  be  reassigned  to  a  career  field  with  lower  entrance  requirements  and 
one  which  IS  less  technical.     This  means,  of  course,   that  even  if  you  f^l  Jhe  "  iurse 
slToLTr  speiLuyf  '^'^  ^"'^  reassif,r,;cl  t^ 

If  you  should  fail  and  the  elimination  board  determines  it  to  be  your  fault  because 
>ou  did  not  apply  yourself  or  from  some  other  unsatisfactory  action  on  your  p.-irt  you 
con  d  recuve  disciplinary  action.     As  we  said  before,   this  is  an  aspect  we  don • f  like 
talk  about,   so  just  apply  yourself  and  don't  fail. 
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Career  Advancement  through  OJT 


OJT  means  on-the-job  training.     This  is  the  part  of  yoiir  caroer  dovolopmont  where 
you  really  learn  to  do  by  actual  work  on  the  job.     At  the  sp/k?  time,   you  will  bo  able  to 
expand  your  knowledge  by  self-study. 

Upon  graduation  from  the  course  you  are  now  enrolled  in,   you  will  be  awarded  a 
3-skill   ]evel  Air  Force  Specialty  Code  (AFSC).     Specifically,  you  will  be  awarded  AKSC 
5G63i,   (remember  the  56),  Apprentice  Environmental  Support  Specialist.       You  will  then 
be  ready  to  gain  the  job  performance  experience  and  the  knowledge  you  need  to  advance  to 
the  5-skill  level  which  is  the  journeyman  or  specialist  level. 

Your  OJT  program  will  consist  of  what  you  may  consider  as  three  distinct  parts: 
work,  study,  and  record  keeping. 

When  you  report  to  your  organization  of  assignment,   you  wiH  be  assigned   to  an  OJT 
trainer.     This  trainer  will  pnter  you  on  OJT  and  will  mark  a  copy  of  the  specialty 
training  standard   (STS)  to  shew  the  items  for  which  you  are  to  be  trained.     This  train- 
ing standard,   STS  56GX1 ,    lists  the  knowledge  and  skill   levels  you  must  acquire  before.* 
being  awarded  the  next  higher  AFSC.     An  AF  Form  623,  On-the-Job  Training:  Record,  will 
also  be  filled  out  for  you.     In  this  training  record,   your  trainer  will  keep  the  STS, 
which  shows  the  progress  you  make  during  your  OJT.     He  will  also  enter  a  record  of  all 
other  training  you  get,  and  give  you  periodic  tests  to  see  that  you  are  developing  tl\(> 
skills  and  task  knowledge  you  need  for  progression  to  the  5-skill  level. 

In  addition  to  the  OJT  you  get  by  doing  actual   work,   you  will  also  bo  enrolled  in 
the  career  development  course  (CDC)  for  your  specialty.     In  your  case,    it  will  be  CUC 
5GG51,  Environmental  Support  Specialist.     The  CUC  is  a  self-study  course.     You  will  be 
testevl  on  the  CDC  course,  as  well  as  the  on-the-job  performance  part  of  your  training. 
When  you  have  successfully  completed  both  parts  of  your  training,   the  actual  on-the-job 
work  and  the  CDC,   you  will  be  eligible  for  award  of  the  5-skill  level. 

Academic  Credits  for  Course  Completion 

The  American  Council  of  Education  receives  copies  of  the  course  control  documents 
for  the  course  you  are  in,  and  all  other  courses  of  this  type.     They  have  evaluated 
these  control  documents  and  have  arrived  at  the  academic  credits  which  can  be  grantod 
for  successful  course  completion.     The  number  of  semester  hours  credit  for  this  course 
is  given  in  a  catalog  issued  by  the  Community  College  of  the  Air  Force.     Fiy  t!io  time  yoii 
leave  the  service,   you  will  be  able  to  apply  a  number  of  semester  hours  of  credit   to  ;i 
related  field  of  study  at  most  educational  institutions.     At  present,   this  course  i.s 
valued  at  11  semester  hours. 

COURSE  ORGANIZATION 

This  course  is  set  up  to  present  the  instruction  in  a  step-by-step  sequence.  That 
is,   fundamentals  and  principles  are  presented  first  and  are  followed  by  performance  to 
insure  that  you  acquire  both  the  knowledge  and  skills  you  need  to  do  your  Job  a.s  an 
apprentice  in  the  5GGX1  field. 

Course  Content 

This  course  is  320  hours  or  8  weeks  in  length.     It  is  divided  into  four  blocks  (31' 
instruction.     A  breakdown  of  the  course  subjects  is  listed  below: 

Block  I,   Environmental  Fundamentals  and  Support  Equipment 

Course  Orientation 

Career  Ladder 

Civil  Engineering  Management 

Security  (OPSEC) 

Technical  Publications 

Safety  Program  and  Accident  Prevention 
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Corrosion  Control 
Hand  and  Special  Tools 

^Eqiijment^"'^  Maintenance  of  Water  and  Wastewater  Treatment  Support 

Pump  and  Equipment  Maintenance 
Written  Test  and  Tost  Critique 
Block  II,  Water  and  Wastewater  Analysis 
Related  Mathematics 
Principles  of  Physics 
Principles  of  Chemistry 
Laboratory  Safety 

Collecting;  Watf?r  and  Wastewater  Samples 
Water  Analysis 
Wastewater  Analysis 
Written  Tost  and  Test  Critique 
lUock  III,  Water  Supplies  and  Treatment 

Water  Well  Operation  and  Maintenance 
Water  Treatment  Process 

Monitor/Operate  and  Maintain  Water  Treatment  Plant  Equipment 
Monitor/Operate  and  Maintain  Ion  Exchange 

Monitor/Operate  and  Maintain  Electrodialysis  Demineralizer  Unit 
Field  V/ater  Purificaiton  Units 
owimminc  Pools 

Written  Test  and  Test  Critique 
lUock  IV,   Wastewater  Treatment  and  Disposal 

Characteristics  of  Wastewater 

Wastewater  Plant  Safety 

i\>ilutlon  Control  Policies  and  Programs 

Operation  and  Maintenance  of  Septic  Tanks 

Operation  and  Maintenance  of  Pretreatment  Units 

Operation  and  Maintenance  of  Preliminary  Treatment  Units 

Operation  and  Maintenance  of  Primary  Treatment 

Opuratioii  and  Maintenance  of  Secondary  Wastewater  Treatment 

T(>rtiary  Treatmont  and  Disposal 

Disinfection  Process 
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Lops  and  Reports 

Written  Test  and  Test  Critique 

Course  Critique  and  Graduation 

The  sequence  of  instruction  has  proven  to  be  very  effectie.     Many  students  have 
completed  this  course  in  its  present  form.     You  can  also  successfully  complete  it.  It 
will  require  much  effort  on  your  part,   but  then  anything  worthwhile  requires  effort. 

Organizational  Structure 

For  any  large  group  of  people  to  work  together  effectively,  an  organization  must  be 
established.     This  course  is  no  exception,  and  here  the  operation  must  be  effective  to 
"     accompiisL  the  mission  of  technical  training. 

This  organization  is  simple.     All  courses  are  assigned  to  training  branches.  The 
training  branches  are  in  turn  a  part  of  the  3770  Technical  Training  Group.     Tliis  train- 
ing group  is  one  of  several  training  groups  that  make  up  the  3700  Technical  Training 
Wing.     The  organization  structure  of  the  3770  Technical  Training  Group  is  illustrated  in 
Figure  1-1. 


3700  Technical  Training  Wing 


3770  Technical  Training  Group 


T 


Power  Production 
Branch 


Figure  1-1.     Group  Organizational  Chart 

Fii.ure  1-2  shows  a  simple  straight  line  chain  from  you  to  the  group  commander.  The 
group  commander  is  responsible  to  the  wing  commander,  who,   in  turn  is  responsible  to  tlie 
training  center  commander.     What  this  means  to  you  is  that  while  you  are  in  school,  the 
instructors  are  your  immediate  supervisors.     They  will  help  you  in  any  way  and  wiM 
arrange  for  you  to  meet  one  of  the  higher  level  supervisors  or  chiefs  if  the  need  should 
arise. 

Group  Commander 
3770  Technical  Training  Group 


Mechanical 
Branch 


Construction 
Branch 


Electrical 
Branch 


Branch  Chief 
Electrical  Branch 


Course  Supervisor 
J3ABR56631  Course 


I  Instructor 
I  "gtucfeTrf  ""I 
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BrancraL"%*r'SuT''"iie':;::r'eJ  ?hat'ir"aL^^.''^'=°"^'^  activities  with  porsonn.l  at  the 
and  directives/  He  is  aJso  JesSoLJble  fo^  '^o"^^^  outlines 

unit  of  the  course.  responsible  for  assigning  instructor  personnel  to  teach  each 

priJrJ  aoaJ.'^tide^rie'LnTng.^^i^rsT.o^?^  tL^^ '  j^.^  ^"f  ^^^'^ 
period  by  participating  in  clfss  .'^J^i^e^'lTtl^i^^si^^^'-^ 

Course  Objectives 

The  learning  objectives  for  ths  course  are  called  "rri+oT.H^„  r.K  ■     *  • 

satisfactorily  accomplish  these  course  iLrniL  !    °°  Objectives."    You  must 

ation  of  these  objectives  is  as  foUows?  ^  objectives  to  graduate.     A  brief  explan- 

to  ot  SSflfi— ilBlffoLfnc^  f  be'^-ior  Which  leads 

element  of  training'  whLh  yrmu^t'drin  tMs  course'    t;e;e  ''""''t'  "^'^'^ 

tive.     You  must  do  all  of  thesi-^Fiterion  objec?Jvls'     Jhe  t      "^^^'"^o"  °bjec- 

sicn  off  the  objectives  on  a  Criterion  cLckUsrIs  vou  do  th^m  supervisor  will 

criterion  objectives  as  beine  rionP  h^L^o  ^      •  ^  "^/she  must  show  all 

bo  t,iven  a  test  for  ad^a^cemln?  Jo  the  ^exfhfrnr  f  "e^^^^ement  test.     You  will  not 

done  all  the  objectives  Jor  ^."e  init''in":ricryu  are  assigned'^'ldHiJ 1""''' 
will  be  provided  if  you  need  it;  hard  worK  and^study^  on'^ir part^'f i:\°c"r;  JmporJa^Jj"" 

.nowpSge\"^nrsL^n  n^eLf  ^o^ L^r^L^-^Jt^^Ln^^bS^t i^^ ^T^Tnsi r^^ ^^%i 

e[°d^;J^Srr\.°Ji^ryo^or^ro^r  by  ob°s\'?:i^^g^%-./eo%ir^hec\\°n^*J  r 

Checking  your  noteb^ol^^^i'd^  L^n^Uy^by^ad^ Ji^^?--^- rJS 

COURSE  OPERATING  POLICIES,   ALERT  PROCEDURES  AlW 
MEASUREMENT  AND  GRADING  PRACTICES 

Traininc  Schedule 

This  course  operates  on  "S"  shift.     The  shift  startc:  at  nnnn  v,^..^^ 
hours.     Student  training  activity  is  scheduled  as  follows:  ^"^^  '^^^ 

0600  -  0610     Class  Prepa  ration 

OUlO  -  0710  Instruction 

0710  -  0725  Break 


0725  - 

0825 

Instruction 

0825  - 

0830 

Break 

0830  - 

0930 

Instruction 

0930  - 

0945 

Break 

094o  - 

1045 

Instruction 

1045  - 

1050 

Break 

!050  - 

1150 

Instruction 

1150  - 

1300 

Lunch 

1300  - 

1400 

Instruction 

1400  - 

1410 

Break 

1410  - 

1450 

Instruction 

1450  - 

1500 

Cleanup /dismissal 
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This  course  will  also  operati?  on  '*V"  shift,  only  if  thcru  is  a  doub l(?~c lass  ontry. 
Tlie  shift  starts  at  1500  hours  and  end.?  at  2400  hours.  Studunts*  training  activity  is 
scheduled  as  follows: 


1500  -  1510  Class  Preparation 
1510  -  1610  Instruction 


1610 

1625 

Break 

1625 

- 

1725 

Instruction 

1725 

- 

1835 

Lunch 

1835 

- 

1935 

Instruct  ion 

1U35 

- 

1940 

Break 

1940 

2040 

Instruction 

2040 

2055 

Break 

2055 

2155 

Instruct  ion 

2155 

2200 

Break 

2200 

2300 

Instruct  ion 

2300 

2310 

Break 

2310 

2350 

Instruction 

2350 

2400 

Cleanup 

This  is  the  normal  schedule  for  classroom  instruction.  This  schedule  may  vary 
sliphtly  due  to  field  trips,  inclement  weather,  missing  schedules  and  so  forth. 


Break  schedules  are  posted  on  each  classroom  bulletin  board.     Your  instructor  will 
dismiss  you  for  breaks  and  designate  the  break  area  you  should  use  -  breaks  will 
normally  be  taken  outside.     The  inside  break  area  may  be  used  during  inclement  weather. 
All  students  must  leave  classrooms  for  the  entire  break  period. 

Facilities  are  provided  for  you  to  buy  gum,   candy,  bevora^ios,  and  so  forth.  In 
order  to  minimize  fire  hazards,  your  cigarette  butts  will  be  placed  in  butt  cans 
(painted  red)  and  trash  placed  in  proper  containers.     Each  student  is  re^.ponsiblo  for 
keeping  the  break  area  clean.     No  smoking  is  allowed  in  the  inside  break  area. 

Be  sure  to  stay  in  the  break  area  during  break,  do  not  loiter  on  sidewalks  or  in 
front  of  doors,   and  be  certain  to  obey  all  signs  and  follow  the  directions  of  the  brf?ak 
monitor.     Most  of  all,   be  sure  and  take  your  break,   leave  the  classroom,  and  relax. 

Cleanup  Responsibilities 

All  areas  of  isntruction  must  be  kept  clean,   therefore,   it  will  be  your  responsi- 
bility to  do  tlie  cleanup  assigned.     During  your  tour  of  the  course  instructional  areas, 
your  instructor  will  show  you  where  all  cleaning  supplies  are  located.     The  authorized 
cleanup  time  is  10  minutes  prior  to  dismissal.     To  do  a  good  job,  cooperation  is  manda- 
tory of  all  personnel. 

Uniform  for  Attendance  and  Military  Appearance 

The  uniform  worn  to  school  is  prescribed  by  the  base  commander  in  accordance  with  \l' 
regulations.     Your  uniform  for  this  course  is  fatigues  (long  or  short  sleeves),   fati|:«^  ^ 
caps,   and  brogans.     Your  squadron  will  be  notified  by  the  commandant  of  troops  on  a 
daily  basis  of  any  change  in  wearing  apparel.     All  students  will  have  clean,  pressed 
fatigues  and  shined  shoes,   and  be  well  groomed.     Any  discrepancies  noticed  by  the 
instructor  will  be  reported  to  the  supervisor  for  corrective  action. 


Breaks 
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Sick  Call 


nature  of  your  illness.     Arrcngonients  for  l^t  inform  the  instructor  of  the 

made  by  the  instructor  if  necefiary  transportation  to  the  base  hopsital  will  Se 

Absence  from  Class 

You  may  be  excused  from  riacic! 

Emergency  Leave  Procedures 

COURSE  POLICIES 

Selection  of  Class  Loader 

U..der?''"^S;'e::S',:y;:ij^^°-J=<>^lre  oach  cl.ss  entering  tralnln,  to  „avo  .  el.ss 
•■Class  Loador"  durl„c  ?hoIe  per"ds  Sn  s  t  ^Sln  ■  <='«=^  " 

«spo„s..n.„es  o.  .He  cl.s?  leadLl:"o?JJSrJo  lil  i^.^I^jJirsa-IS^Jrir,*;;,., . 

a.  Ias„„  t.a.  students  enter  and  leave  the  ol.ssr„„„s  in  an  orderly  „.n„er. 

b.  Assume  control  „,  tne  class  In  tne  absence  „,  the  Instructor  or  as  directed 

vjsoJs,  -S?."e^^L\1r"  s'?r;c%\™Lr„°^L%r^l"™|\fr;?  instructors,  course  super- 
affect  the  morale  of  students.  material,   and  all  ,  ,ther  problems  which  tend  to 

fl.     Act        f;]as.s-  spoko-sman. 

and  appe™;cTL^?  Tl  f iL\^ '°  ^  "^'^'^  ^^-^-^  of  military  bearing,  neatness 

part[;ipatS\;'?^rcias:.'^"^°""^^  supervising  cleanup  and  other  details  requiring 
Student  Conduct 

Prora'Siiy  :id\"ois?plLf  w^rrn^'t  be1:L'ra%°ed"%'  ^  °'  '^^^'^-^  -liber, 

proper  conduct  may  be  elimina?e5  fro^Jhe  course.'"'  students  who  do  not  display 

Fire  Alarm  and  Alert  Procedures 

bull^ir:  Sr^d"^°L^^L\^r^c1or^\^\^^^e1"yo\^  on\e°^^%^.^"  '^^^ -  the 

location.  ^"^^i^f  y°"  o"  evacuation  procedures  and  reassembly 

'o\P]'^^^^^^^^^^^^  "-^  in  storm  warnings  an. 

oi   the-  location  of  your  fallout  shelter  and  tho^^  forces.     He  will  ir.lorm 

reinforce  what  ho  tells  you.  locate  alert  wJninr  ^"^^^°"  P^°'=«dures  to  be  used.  To 
b.ill...tin  boards  and  becofm.  famiUa?  w uJ  the  renuirrr^'^'^n  °"  ^""^  ^"^  squad 

•study  the  fine  print  when  fact  to  Lee  with  a  ?exL  f  P^"^'^"^^^-     It  is  a  poor  ti.ne  , 
prepared.  ^^^^  *ith  a  Texas  tornado  or  an  enemy  attack.  Ue 
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Measurement  and  Grading  Practices 


Briefly  stated,  your  progress  will  be  measured  in  two  ways;  the  Criterion  I^ro^ross 
Check  and  the  Written  Test.     Since  you  must  complete  al]   criterion  objectives  for  a  unit 
of  instruction  prior  to  being  given  the  measurement  test,   the  instructor  will  make  a 
continuing  assessment  of  your  progress  in  accomplishing  tlie  criterion  objectives.  He 
will  watch  your  performance  to  insure  that  you  complete  all  workbooks,  and  he  nay  give 
you  a  short  quiz  to  satisfy  himself  that  you  have  done  eacli  criterion  objective.  When 
he  is  satisfied  with  the  results  of  these  criterion  progress  checks,   he  will  sign  off  on 
the  criterion  checklist  that  you  have  done  the  criterion  objective  in  question.  V/hen 
you  have  done  all  the  criterion  objectives  in  a  given  unit  or  block  of  instruction,  he 
will  sign  off  that  you  are  ready  for  the  written  test. 

The  Written  Test  is  an  objective  type  test  designed  to  measure  knowledge  as  applied 
to  specialty  tasks.     It  is  used  as  a  record  of  your  progress  in  the  course.     The  tests 
you  will  take  may  have  50  test  items,   in  multiple-choice  form.     Remember,   your  score  on 
these  tests  will  go  on  your  permanent  course  record.     Do  the  very  best  you  can  to  make 
good  grades.     It  is  well  forth  the  effort. 

The  test  for  a  unit  or  block  of  instruction  normally  has  at   least  one?  queston  on 
each  objective.     It  may  have  more  than  one  question  for  each  objective  but  you  can 
expect  at  least  one.     The  test  may  cover  any  aspect  of  the  course:     self-study,  discus- 
sions and  demonstrations,  and  performance  of  all  steps  in  the  workbook  exercise. 

You  must  make  a  score  of  60%  or  above  to  pass  the  written  (block)  tests.     If  you  are 
well-prepared  and  have  done  your  work  well,  you  need  not  be  concerned  witli  the  minimum 
grades  as  you  will  likely  score  higher.     Written  instructions  will  be  furnished  you  at 
tlie  beginning  of  each  test  period.     REad  these  instructions  carefully;  they  affect  YOUR 
future. 

Questions  missed  on  each  test  will  be  reviewed  (critiqued)  by  the  isntructor  and 
class  to  help  you  identify  mistakes  you  mac^e  during  the  test.     During  these  critieuqes, 
you  will  not  be  perfmitted  to  make  notes  as  the  rules  for  protection  of  tests  are  very 
strict.     You  will  be  informed  of  your  test  scores  as  soon  as  possible  after  the  test 
period.     You  probably  won't  fail  any  tests,   but  if  you  should,  you  will  be  given 
additional  instruction  and  retested  or  washed  back  to  repeat  the  unit  of  instruction. 

Counseling,   Washback,   and  Elimination 

If  you  should  fail  a  test,   the  instructor  or  supervisor  will  discuss  the  failure 
with  you  and  will  counsel  you  on  the  best  action  to  take.     During  these  counseling 
sessions,   remember  that  the  instructor  or  supervisor  is  interested  in  your  problems. 
The  have  nothing  against  you  and  are  only  trying  to  arrive  at  the  solution  to  whatever 
the  problem  was  that  caused  you  to  fail.     Be  honest  with  them  and  discuss  your  problem. 
The  discussion  will  benefit  both  of  you. 

Sliould  you  fail  a  test,   two  avenues  are  open:     Washback  or  elimination.  Wasliback 
simply  mean^  you  will  be  assigned  to  a  class  behind  you  so  that  you  can  repeat  tlie  bloc'., 
in  which  you  failed  to  make  a  passing  grade.     If  you  fail  to  pass  the  test,   after  you 
repeat  a  block,   you  may  be  considered  for  elimination  in  your  best  interest  or  in  the 
best  interest  of  the  Air  Force. 

Proficiency  Advancement 

This  is  a  program  to  allow  you  to  be  tested  on  any  portion  of  the  course  in  which 
you  liave  already  had  training  or  experience.     In  other  words,   it  isn't  economical  tr  Mse 
time  training  you  in  a  subject  in  which  you  are  already  proficient.     If  you  should 
identify  a  block  in  the  course  which  contains  materials  for  which  you  have  liad  good 
training  and  for  which  you  feel  you  can  pass  the  tests,  you  should  apply  for  proficiency 
advancement.     If  you  pass  all  the  required  tests,  you  can  bypass  these  materials  and 
graduate  ahead  of  your  class. 


The  Honor  Graduate  program  is  used  to  reward  those  students  who  have  shown  out- 
standing academic  performance.     In  short,   it  is  a  program  which  allows  for  recognition 
of  tliose  students  who  really  apply  themselves  so  that  they  will  get  as  much  as  possible 
from  their  training. 


HIGH  PERFORMANCE  STANDARDS  AND  HONOR  GRADUATE  PROGRAM 
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ho  ..n'nJn^  r°  percent  of  graduates  from  a  course  in  a  yePr  will  be  Honor  Graduates.  To 
be  an  Honor  Graduate,  you  must  complete  the  course  with  a  high  average  mnr^o^r.Ho 
and  you  must  have  a  good  record  of  conduct  in  both  ^he  schSol  aSd  JSf sqJad?on^  ' 
Students  who  have  washed  back  or  who  have  been  allowed  to  continue  on  pJoSatio^ary 
basis,  due  to  low  grades  are  not  eligible  to  compete  for  Honor  Graduate  Also 
personnel  who  violate  the  established  rules  of  good  conduct  will  not  blconsiS^red. 

Certlf'?catf  "''?hJ«  ^^.f^f"  Gr.iduate  designation  are  awarded  an  Honor  Graduate 

Tc^lipl'-   iff?  il  relefve^^J^f .rS^fr^e^le^t^^-^- 

own  efforts.     While  tl,e  instructors  are  required  to  provide  you  JSe  besfiLsib  e 

vSuJ  effort";  ^?onf  '^^"i'n'  1°  ^^'^^"^  Graduate^can  only  be  Sade  b^  you. 

•our  efforts  alone  are  rewarded  when  you  make  Honor  Graduate.     The  certificate  will  n 

n!i^hin''?H  °'  standards  you  have  maintained;  however,  your  e^foJ^s  in  aLom^ 

plishing  the  course  oojectives  to  the  best  oi"  your  ability  will  also  result  in  vonr 
getting  top  notch  training.     These  extra  efforL  will  serJe  yii  JeU  during  Jour  iour  in 

h  ghes[  Sards'  'So'this'^or °i  l''^'     °°  ^'^^  ^°  'Z\Tr7 

iiib"tj£»L  stanaards.     Do  this  for  us  and  also  for  yourself. 

The  Community  Collece  of  the  Air  Force  erew  out  of  efforts  tn      nH  mo.rc.  +^  • 

the  benefits  Of  Air  Force  training.     The  re^reLntat?vef o?    he  Ss'ii'r  Force  Ac ad"emr" 

Air  University  and  Air  Training  Command  met  in  February  of  1971.     They  foJnl  a  Say  to 

show  and  record  Air  Force  training  as  formal  education  by  starting  the  CCAF  \lls  Selos 

you  by  allowing  you  to  get  college  credits  for  your  Air  Force  traLinl.     You  cIS  adS  tS 

i^^^l'T'V^  '°  conventional  college  courses.     This  will  lead  to  a  college 

degree  which  shows  the  level  of  training  you  have  achieved.  coiiege 

^  semester  hours  of  credit  by  completing  Basic  Training.     This  course 
will  add  on  11  more  hours  to  make  a  total  of  15  hours  you  can  apply  toward  the  sHJurs 
you  need  for  an  Associate  degree  with  a  major  in  Environmental  Services 

INSTRUCTIONAL  METHODS  AND  TRAINING  LITERATURE  USED  IN  THE  COURSE 

Study  guides  and  workbooks  are  issued  to  each  student  as  an  aid  in  understanding  tho 
subject  matter.     The  material  in  these  study  guides  does  not  include  all  the  mJe^fls 
which  you  are  required  to  know.     The  notes  taken  in  class  plus  the  training  m^^e rials 
will  give  you  the  information  you  need.     At  the  end  of  each  study  guide  Irl  questions 
-he  TnsJr^^'or"  Questions,   then  return  to  the  text  and  check  yo3r  answers 

.he  instructor  may  pick  up  and  review  these  questions  from  time  to  time.  answers. 


the 


ach 


Programmed  Instruction  Packages/Texts 

These  books  are  a  relatively  new  and  scientific  approach  to  learning.  Programmed 
In.struction  Packages  (PIPs)  are  a  combination  of  stud^  guides  and  workbooks  wSh 
require  student  response  throughout.     We  think  you  will^njoy  tSis  ne^  waj  of  iearning, 

Methods  of  Presenting  Course  Material 

There  arc  several  methods  used  by  instructors  to  insure  student  understanidng. 
iMOse  include:  " 


awak 

CO 


LECTURE  (Instructor-Centered).     A  telling  lesson.     You  are  expected  to  be  alert 
ake,  and  attentive  although  no  student  response  is  required.     OnJy  a  small  oart  of 
urse  will  be  presented  as  lecture.  ^  ^  °^ 


the 


DISCUSSION  (Student-Centered).  The  instructor  allows  the  students  to  express  thei, 
Ideas  and  opinions  as  applied  to  technical  problems.  express  tdeii 

DEMONSTRATION  (Instructor-Centered).     The  student  observes  as  the  instructor 

^Te^niJr'^^^^'^^'^^"'  procedures  used  in  operating,  disassembU^gf  f^sjecting, 
cleaning,  and  assembling  equipment.  j."OHci,Lj.iit,, 
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PEHfOHMANCE  (Student-Centered).     From  the  instructor's  demonstration,  you  are  now 
expected  to  complete  the  work  project  exactly  as  shown  by  the  instructor  and  as  directed 
by  the  workbook. 


STUDY  SKILLS  AND  STUDENT  NOTEBOOK 

You  must  do  a  great  amount  of  study  to  complete  any  course  if  you  are  to  liavo  a  i^ood 
understanding  of  its  content.     This  is  a  problem  for  many  of  us  since  we  really  don't 
know  how  to  study  effectively.     To  help  you  overocme  this  drawback,  you  will  be  i;iven  a 
copy  of  a  programmed  test  on  how  to  study.     This  text,   ATAC  Programmed  Text  52-11,  Study 
Skills,  msut  be  completed.     It  will  do  you  more  good  than  you  can  imagine,   so  be  surci 
you  do  it  as  assigned.     Have  your  instructor  check  it. 

Student  Notebook 

This  item  in  your  education  and  training  must  be  done  by  by  you.     No  one  else  can 
make  an  effective  notebook  for  you. 

Like  everything  else  worthwhile,  making  a  good  notebook  takes  time  and  work. 
Perhaps  you  can  develop  a  good  method  for  yourself.     One  effective  method  is  for  you  to 
study  your  study  guide  assignment  and  make  an  outline  of  the  major  topics  and  subtopics, 
jotting  down  items  which  look  important  to  you.     This  should  be  in  an  informal  form. 
After  reviewing  your  study  guide  assignment  and  your  rough  notes,  you  sliould  be  prepared 
to  participate  in  the  classroom  discussion  of  the  subject. 

During  the  classroom  discussion,   you  should  correct  your  material  as  required  and 
add  the  important  items  identified  by  the  instructor.     You  siiould  also  add  to  these 
notes  during  your  performance  exercises.     Make  sure  you  get  down  all  t!i;}  key  parts  of 
the  training  literature  and  from  the  instructor's  discussions-.     This  is  the  material  you 
need  for  good  course  grades  and  satisfactory  performance  in  the  field. 

Once  you  have  everything  of  importance  written  in  your  notes,   you  are  ready  to  sit 
down  and  copy  it  into  your  permanent  notebook.     Now  organize  your  material,  and  use  an 
ink  pen  or  typewriter  to  transcribe  your  notes  into  a  notebook  you  can  retain  for  later 
use  and  reference.     Work!     Yes,  but  it  is  worth  it.     You  won't  appreciate  a  good  note- 
book until  later  in  your  career,   but  it  will  be  worth  more  than  its  weight  in  gold  to 


This  is  another  outstanding  Air  Force  program  which  is  established  for  tlio  benefit 
of  all  of  us.     The  safe,   economical  accomplishment  of  our  job  can  only  be  done  by  strict 
adherence  to  established  rules  for  safety  and  accident  prevention. 

The  Air  Force  accident  prevention  program  is  covered  in  a  series  of  publications 
numbered  in  the  127  series.     This  series.   Air  Force  Occupational  Safety  and  Health 
Program  (AFOSI^ ,   is  the  primary  guide  used  in  the  field  for  a.-oidin(?;  accidents  in  our 
type  work.     You  will  become  acquainted  with  his  regulation  here  in  the  school.     You  murst 
use  it  in  the  field.     It  is  to  your  advantage  and  also  to  the  advantage  of  the  Air  Forco 
to  learn  to  do  your  work  well  and  safely. 

While  in  this  school,   you  will  be  issued  a  safety  guide  which  covers  the  more 
specific  items  of  safety  and  accident  prevention.     Study  it  carefully.     Your  well-bein^; 
and  the  well-being  of  your  fellow  workers  depends  upon  how  well  you  learn  the  lessoni'-  of 
safety.     In  fact,  the  safety  you  learn  now  will  also  serve  you  well  when  you  return  to 
civilian  life. 


Air  Training  Command  Regulation  (ATCR)  52-29,  Student  Critique  Program,  provides  the 
guidance  and  instructions  for  administering  this  program. 

The  regulation  lists  the  objective  of  this  program  as:     "The  student  critique 
profxram  was  established  to  obtain,   from  students'  constructive  criticism  of  training, 
the  training  environment,  base  support  facilities,   and  services." 


you . 


ACCIDENT  PREVENTION  AND  SAFETY 


STUDENT  CRITIQUE  PROGRAM 
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You  can  soo  why  we  need  a  program  of  this  type.     We    who  work  in  th^  o  .h^^i  ^ 

'    prov^d^o  IZtlTtlVlriliVnT.  °"  '^^"^'^"^  Progra.-this  study  guide  will 

You  will  receive  specific  instructions  upon  being  presented  the  eiid-of-the 
course  critique  forms.     Generally,   critiques  are  submitted  bryo!  on  graduation 
day;  however,  you  may  submit  on  any  time  you  see  a  need  to  do  so.  ^'^^'^"^^lon 

You  do  not  absolutely  have  to  identify  yourself  on  the  critique  form    but  vou 
are  encourage.!  to  do  so.     You  can  submit  a  signed  critique  w?ihou?  Jkr  of 
prejudice  or  reprisal.     We  are  interested  in  obtaining  your  constructive 
comments,   so  don't  hesitate  to  put  them  down  and  put  your  nane  on  Jhe  Jorm. 

iTtorf^iT^^  Changes  to  your  critique  form  before  you  submit  it;  however  no 
alterations  nay  be  made  after  you  submit  it.  nowever.  no 

Your  comments  are  not  disclosed  to  other  students.  Thev  are  entiti^H  +^  - 
judgments  of  the  course,  as  well  as  you.  entitled  to  their 

Your  critiques  are  reviewed  by  personnel  responsible  for  all  aspects  of  th^ 
olTrTolLr'''^''-  ^'^^  ^^"^^"^^  ^^-"^y  thiigrShLh        Ty  have 

o  lf7  ^''^"1"^  °^  t'^e  S'-hool  and  training  program  will  include  your  appraisal  as  to 
the  effectiveness  of:     Instruction.   Individual  Assistance    Training  Methods  Trainfnl 

faciMtif2^«j;H"J^  critique,  you  may  also  complete  a  form  dealing  with  base 

facilities  and  services.     The  base  commander  reviews  these  for  ideas  for  imnrovTn.r  th^ 
base  services.     This  critique  will  cover  such  items  as  Dining  Hal r  cJub.  Recrea^Ln 

Scdii?''''T'  ^"^'^^Ji^^y  f°li'=^.  Base  Transportation.  Mail.  Adminisiratio;  (paj    eJc  ) 
Medical,  and  again  Overall  Education.  ^P'^y  >  exc.;. 

So.  onc(!  a^ain.  koep  the;  notes  you  need  as  you  go  through  our  course  and  at  thn  on,. 
Civo  U.S  a  crUicuo  which  will  be  of  assistance  in  improving^he  training  fSr  nlulrl  To 
como  after  you  are  gone.     We  will  appreciate  your  help.  axnmg  lor  others  who 


FRAUD.  WASTE  AND  ABUSE  (FW&A) 


SEXUAL  HARASSMENT 


The  intent  of  the  regulation  is  not  to  govern  the  off-duty  activities  of  Air  Porro 
members,  or  to  imply  that  social  inequality  exists  between  aU  members      The  fntnJ? 
to  preserve  cood  order  and  discipline  and  thereby  enhance  operational  ef f ectiieieSs . 

It  is  sometimes  extremely  difficult  to  be  democratic  and  disciolined  <?irm.i+on- 

eously    in  the  military,  developing  a  personal  relationshirwitrofJer  members  Jan  and 

«LnlS^^"''"•^H''^^''  Discipline  requires  our  adherence  to  pub![shod 

standards  of  conduct  and  behavior.  H""iit.m-u 
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SUMMARY 


It  has  been  our  aim  in  this  study  guide  to  tell  you  a  little  about  our  school  and 
your  job  within  the  Air  Force.     We  hope  we  have  made  a  good  impression  on  yoii  and  hope 
that  you  can  understand  the  importance  of  your  position  in  the  Air  Force. 

The  modern  Environmental  Support  Specialist  must  be  a  well-trained  and  hiijnly- 
skilled  person.     In  civilian  life,  he  is  constantly  needed.     You  have  been  fortunate  in 
having  been  selected  to  become  this  type  of  technician.     It  is  important  to  you  to  study 
and  work  hard  to  take  advantage  of  your  opportunity-     We  will  help  yoii  afj  much  as 
possible;  however,  it  is  up  to  you  to  take  care  of  your  future.     So  work  with  us,  and 
together  we  will  succeed. 


In  this  space  we  normally  present  you  a  listing  of  questions  and  ask  you  to  answer 
them.     Sinc'j  this  study  guide  has  been  about  us,  we  hope  you  will  ask  us  some  questions. 
Ve  will  try  to  answer  them  for  you,  or  we  will  find  you  the  answers. 


REFERENCES 

1-     Air  Force  Regulation  (AFR)  39-1,   Airman  Classification  Regulation 

2.  ATC  Programmed  Text  52-11,  Study  Skills 

3.  ATC  Regulation  52-3,  Student  Measurement 

4.  ATC  Regulation  52-29,   Student  Critique  Program 

5.  Technical  School  Regulation  50-30,  Orientation  and  Motivational  Practices 


QUESTIONS 
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EXERCISE  I-la 

INSTRUCTIONS 

Using  3M  J3ABU5G631  OOO-I-l  and  your  class  notes,   fill  out 
1«      Class  nunber  and  name  of  course: 

2.  Length  of  course: 

3.  Start  Date: 


Graduation  Date: 


4.  Class  hours  from 

5.  Course  telephone  numbers: 

6.  Instructor's  name: 

7.  liuildinji  number: 

8.  Break  schedule: 


c 
d. 
e. 


9.  Smokinjj  area: 

10.  Eating  and  drinking  ares 

11.  Tornado  Shelter: 

12.  Nuclear  disaster  area: 


13.  3770th  Teclinical  Training  Group  Commander: 

14.  Electrical  Branch  Chief: 


ITj.  Envlronnontiil  Supporr  Coursr  ^jupervlsor: 
IG.     Minimum  passing  score: 
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3770  Technical  Training  Group 
(Civil  Engineering  Training) 
Cheppard  Air  Force  Base,  Texas 


SW  J3ABR5tj031  OOO-I- 


CAREER  LADDER 


OBJECTIVES 


Given  an  extract  from  AFR  39-1,  select  information  that  describes  the  duties  and 
responsibilities  of  the  5GGX1  career  field.     Four  of  the  five  must  be  correct. 

Using  the  566X1  career  field  ladder,  list  the  AFSC  titles^  and  the  methods  of  advanc 
in^^  from  one  step  to  another.     Ten  of  the  fourteen  must  be  correct. 

INTRODUCTION 

Every  person  desires  to  get  ahead.     We  usually  want  something  better  in  life  than 
what  we  now  have.     You  can  get  ahead  by  advancing  in  rank.     How  do  you  advance  in  rank? 
This  study  guide  will  help  you  to  understaand  what  you  must  do. 

This  lesson  will  be  divided  into  three  main  topics: 

o  DUTIES  AND  RESPONSIBILITIES 

o  CAREER  FIELD  PROGRESSION 

o  TRAINING 

INFORMATION 


Duties  of  AFSC  56631/51/71 

The  duties  that  you  will  perforin  as  an  Environmental  Support  Specialist  are  outline 
in  the  specialty  description  in  Air  Force  Regulation  39-1,  Airman  Classification  Manual 

The  3-  and  5-level  duties  are  combined  into  one  specialty  description.  Your 
specialty  description  is  shown  in  Figure  2-1. 


DUTIES  AND  RESPONSIBILITIES 


A90.11 
AFtC  69M1 
S«nlildlltdAnCM«31 
H^AFSCSWll 

AIRMAN  AIR  FORCE  8PECULTY 
ENVIRONMENTAL  SUPPORT  SPCaALMT 
1.  SPECIALTY  SUMMARY 

Opentes,  maintains,  and  repairs  water  supply  and  water  oroc^Kirut  nu»i«  .  m 
and  systems;  and  monitors  solid  waste  Ku)^^^^ 

Occupational  Subgroup:  m.  «jiiccuons,  transportauon,  and  disposal  prots^ng  facUitica.  jJeJb^ /)0/) 

2.  DUTIES  AND  RESPONSIBILITIES 


a.  C^roiKiftfriu^^emtOpeiitcs  water  pump- 
ing, storage,  and  distribution  components  and  equipment 
such  as  pumps,  engines,  motors,  valves,  and  assodated 
mechanical  and  electrical  measuring  and  control  devices. 
Operates  valves  and  switches  or  acUusts  automaUc  con- 
trols  to  pump  water  from  wells,  surface  supplies,  water 
majns,  or  storage  tanks  and  supply  water  to  potable  water 
treatment  and  distribution  systems;  or  nonpouble 
mdustnal  and  fire  protection  systems.  Locates  and  calcu- 
lates quality  of  water  sources.  Calculates  water  rcquire- 
ITl".^     J^^  capacities.  Locates  water  system  lines, 
valves,  Md  centre.,  oy  use  of  maps,  drawings,  and 
schemauc  diagrams.  Interprets  gauges  and  meters  to  con- 
uol  pumping,  storage,  and  distribuUon  of  water.  Main- 
tains  logs  and  submits  reports  on  water  usage  and  open- 
tion  of  systems  equipment  Advises  and  issues  insiruc- 
ma^°oJr"  Mainuines  file  on  current 

fo?^i'      equipment  manufacturer's  instructions 
for  installed  water  distribution  systems. 

B.  Operates  water  proctssingplantsandeguipment.Moni' 
tors  raw  water  supply  for  detection  of  chemical  and 
biological  contaminants  and  operates  poruble  Held  water 
treatment  equipment.  Analyics  both  raw  and  treated 
water  by  use  of  chemicals  and  water  testing  apparatus  to 
detect  contaminants  and  to  ascertain  chemical  content 
■nd  physical  characterisitics  to  determine  appropriate 
treatment  methods  and  chemical  dosages  for  water 
purification,  softening,  and  stabilization,  and  scale  and 
corrosion  control.  Applies  chemicals  to  water  using  equip- 
ment such  as  dry  gravimetric  and  volumetric  fe^ 
macb.r,es,  solution  and  slurry  mixing  devices,  automatic 
ws  pi:;portioners,  and  chlorinators.  Operates  water  treat- 
IS^nn^"?^'"-*"*        "  electrodialysis  demineralizers, 
cation  and  anion  exchangers,  hot  and  cold  process  wate 
^fteners  water  disUllation  units,  pressure  and  J^^l 
filters  and  photomtinc  controls,  and  all  allied  industrial 
and  swimming  pool  water  processing  equipment 

J'f.^''""  "^'^  '^^'P^^'^P^'^'s  and  systems  and 
performs  ^ste  processing  functions.  Operates  sewage  and 


industrial  waste  water  treatment  and  dispocal  fadliUet. 
systems,  and  equipment  to  control  effluent  quality  Oca^ 
•ICS  or  moniion  equipment  such  as  sewage  lift  pumnt. 
^tor  sutions,  di«ributor.,  meteig  a^SXSZS 
and  wcrs,  oil  separators,  sedimenution  lanki,  ieia^ 

tors,  shred^,  screens,  rotary  sludge  coltectw^iSuSge 
pumps  chlorinators,  and  electrical,  mechanical 
iiydraulic,  aiid  pneumatic  control  devices.  Monitor^ 
sewage  and  industrial  waste  water  for  detectlcTwd 
measurement  of  chemical  and  biological  contaminants 
Disposes  of  sewage  in  isolated  and  combat  areas.  Coordi- 
nates with  site  developers  in  locaUons  for  latrines  and 
pits.  Conducts  labcffatory  testing  of  waste  products,  u^ 
special  test  equipment  and  materials,  to  deternUoe 
Punfi«uon  and  disposal  proc^  Tests  and 
incoming  sewage  and  plant  efHuents  to  evaluate  pUnt  oer- 
formancc.  Determines  proper  methods  and  materials  aad 
c^micals  required,  pc?  ,:  for  application,  and  time 
scheduling  of  treatment  phases.  Operates  waste  water  pro- 
cessing  plants  and  systems  and  performs  watte  water 
ccssing  functions. 

d.  Monitors  solid  waste  c^iikction.  CTansporiaiion.  anddls^ 
Posal  processing  facilities.  Monitors  diKarding  unitt  for 
proper  segregaUon  of  materials  such  u  combuatiUe  trash 
metals  glass,  paper,  wood,  salvageable  material.  «n<^ 
ashes  Monitors  the  collection  and  transportation  of  comi 
bustible  and  noncombustible  soUd  waste  from  pickup  su- 
iions  to  points  of  disposal.  Posts  operating  records  daily 
for  each  collection  vehicle  indicating  :ype  of  material  col- 
lected and  total  cubic  yards  delivered  to  place  of  disposal 
Coordinates  with  base  medical  service  on  procedures  for 
radioactive  waste  disposal.  Plans  collection  routes  con- 
trols  dehvenes  to  disposal  faciltUes,  and  exp^tes 
unloading  operation  for  economics  and  safety.  Maintains 
material  inventory  at  disposal  points  for  metals,  paper 
wood,  and  other  reuseable  waste.  Responsible  foTeffi: 
cient  utilization  of  mechanized  equipment, 
e.  Performs  organizational  and  fkld  maintenance  r^f 
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noftr.  was$e  warn,  and  mM  mate  processitti  tquipmem 
j  systems  and  controls.  AnisU  in  ini^r  overhaul  of  above 
equipmfiDt;  lervFoes  power  source  engines  with  fuel,  oil, 
coolants,  and  lubricants.  Performs  maintenance  and 
repair  of  water  plant  and  systems  components  such  as 
pumps,  engines,  motors,  valves,  tanks,  condensers,  cool* 
ins  towers,  chlorinators,  fluoridators,  and  distillation, 
demineralizini,  and  softening  units.  Performs  mainte- 
nance and  repair  a'  liquid  waste  products  plant  and 
systems  compooentr  such  as  pumps,  elector  sutions,  dis- 
tributor, screens,  rotary  sludge  coUectorr,  chlorinators. 


and  wood,  metal,  masonry,  and  concrete  structures. 
Locates  pipelines,  valves,  and  fittings  by  use  of  current 
maps  and  electronic  locator  equipment.  Maintains  special 
water  and  waste  products  testing  and  arulyzing  equipment 
and  materials. 

f.  Supervises  environmental  support  personnel.  Instructs 
subordinates  in  techniques  of  operation  and  maintcrunce 
of  water,  waste  water  and  solid  waste  processing  plants, 
systems,  and  equipment.  Assigns  and  monitors  work  to 
ensure  compliance  with  local  procedures  and  applicable 
technical  orders. 


t.  SKCIALTY  QUAUFICATI0N8 


a.  Kmxfkdte.  Knowledge  of  principles  of  chemistry 
and  physics  that  appiy  to  water  procurement,  purifying, 
and  dittribution;  and  waste  products  processing  and  dis- 
posal is  mandaUNy.  Possesstos  of  mandatory  knowledge 
win  be  determined  according  to  APR  35-1. 

b.  Com|>letion  of  high  school  with  courses 
in  chemistry  and  biology  is  desirable. 

c  B^fftoice  Experience  in  functions  such  as  the 
operation  of  water  supply  and  distribution  systems;  waste 


products  testing,  and  analyzing  equipment  and  materials 
is  mandatory. 

d.  Training.  Completion  of  a  basic  environmental  sup- 
port course  is  desirable, 
c.  Ofher: 

(1)  A  miiimum  of  Grade  I  color  vision  as  defined  in 
AFM  160-17  is  iiandatory. 

(2)  Physical  c.ualification  for  military  drivers  accord- 
ing to  AFR  I6(M3  is  mandatory  for  entry  into  this  AFSC. 
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Figure  2-1.     Environmental  Support  Specialist  Description  (Continued) 
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EXERCISE  i-2-2a 

INSTRUCTIONS 

use  .V/  J3ABU5G631  000-1-2  and  list  at  least  4  duties  of  the  following  AFSCs. 
1.  50031/51 


b. 
c . 
d. 


2.       Name  other  types  of  jobs  under  the  5C  career  field. 


b. 
c . 
d. 
e. 
f . 


3.       What  Air  Force  Regulation  gives  the  duies  of  an  Eovironnental  Support  Specialist? 


PROGRESS  CHECK 


the  Xious'ins        tlJn'°do  so'  '""rreTr  .^'v^?"  ''''  "-'^  ^°  ----  -.e  of 

tion  and  contro!L'S  by  ?he  ?ns?;ucS?  "^lou^lLfT  .i^  prepared  as  a  separate  publica- 
supervision  and  complete  it  Jrior  to  leading  Jor  Jhe  Say'^'^''"""  ""'^"^  instructor 
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INFORMATION 


CAREER  FIELD  PROGRESSION 

What  is  a  career  field?    A  career  field  includes  all  similar  or  related  Air  Force 
specialties.     Each  career  field  is  made  up  of  certain  typos  of  work  that  people  are 
assigned  to  do.     For  instance,  airplance  mechanics  are  in  a  certain  career  field;  so  are 
plumbers.     You  have  been  assigned  to  the  Sanitation  Career  Field. 

Why  do  we  need  career  fields?    The  career  field  puts  the  right  person  in  the  right 
job.     It  also  allows  the  Air  Force  to  set  up  specific  training  programs  for  each  career 
field.     A  career  field  also  allows  the  Air  Force  to  list  the  duties  for  a  specialty 
which  prevents  overlapping  of  jobs  and  unfair  promotions. 

Every  career  field  in  the  Air  Force  is  given  a  number.     If  you  were  a  cook,  your 
career  field  number  would  be  62.     If  you  were  an  airplane  mechanic,   you  would  be  in  the 
43  career  field.     Your  career  field  number  is  56. 

Air  Force  Specialty  Code  (AFSC) 

The  Air  Force  Specialty  Code  (AFSC)  is  made  up  of  five  numbers.     Every  person  in  the 
Air  Force  has  an  AFSC.     You  have  one.     We  will  explain  the  meaning  of  your  AFSC  in  the 
next  few  paragraphs.     Since  you  are  assigned  to  Sanitation,  your  first  two  digits  are 
56. 

When  you  were  in  basic  training,   your  AFSC  was  99000.     At  the  present  time,  you  are 
classified  as  a  sanitation  helper,  and  your  AFSC  is  5G611.     This  AFSC  indicates  that  you 
have  not  yet  been  trained  to  do  a  job. 

When  you  graduate  from  this  course,  you  will  be  awarded  your  3-level  AFSC.     It  will 
be  56G31.     Notice  that  the  next  to  last  number  changes  from  a  1  to  a  3.     This  change 
means  you  have  learned  a  trade  and  are  qualified  to  do  some  of  the  work  in  that  trade. 

After  you  have  worked  in  the  field  for  awhile  and  have  also  completed  some  addi- 
tional training  you  will  be  awarded  a  5-level  AFSC.     This  means  you  wi?.l  qualify  to  work 
on  more  complicated  equipment  and  will  do  many  jobs  without  someone  helping  you.  The 
next  step  is  the  7-level  and  then  the  superintendent  9-level.     Figure  2-2  shows  a 
picture  of  the  career  field  ladder  and  AFSC  breakdown* 


Figure  2-2.     Career  Field  Ladder  and  Breakdown  of  AFSC  566X1 
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Career  Field  Chart 


50/.:^'  TnirsTn^rrZ^^^^^^^^^^  types  o.  wor.  t.at  carry  the 

entomologist  keeps  a  base  free  of  ffies    2auiio«    «Jh  Entomology.  An 

pests  such  as  mice  and  rats,  and  undesr^aSrvegetation  °' 


insects  as  well  as 


Figure  2-2  is  a  chart  showing  progression  in  each  56  career  field  ladder. 
Methods  of  Skill  Progression 

How  can  you  go  from  one  skill  level  to  the  next?    Th^  r,  t„„„t 
upon  graduation  from  this  course.       The  5-levIl  «nH  7  T      ?"^^yf^  "^^^        awarded  to  you 
training.     This  means  you  will  have  to  <,t„Hv        ^"'^^^-level  wiU  come  after  on-the-iob 
job.  and  pass  a  written  Jesi!  ^  advanced  books,  do  good  work  on  your 

TRAINING 

The  following  are  Air  Force  training  resources: 

a.  Technical  Schools 

b.  Career  Development  Courses  (CDCs) 

c.  On-thc— Jfjlj  Training  (OJT) 

d.  Extension  Course  Institute  (ECI) 

e.  College  Credit  by  Examination  (CLEP)  and  (UANTES) 

in  yoSrAJ:'Force'c\'ree%''''  °'  ''"'^  ^^^""^'^'^^  ^"'^  what  each  will  do  for  you 

Technical  Schools 

Career  Development  Course  (CDC) 

the  saSf  tiL^^o;^~rSr'=r?he-5ob  "Zilll^        required  to  take.     You  will  take  it  at 
the  5-  and  7-level  of'your  specTaUy      5hen  v;,.  LterT?^  T.'^^f  ^^'^"'^  developed  for 
course  you  will  take.     Later    yJJ  win  Jake          lelVl        T  t  draining    CDC  SCGSl  is  the 

,   you  wij.i  taKe  cue  &bb71  as  part  of  your  7-level  training. 

On-the-Job  Training  (OJT) 

duty  asalc„„o„i      rC'  duaJ-cJaSLrojI  SJo^^f .  "J":"';"  """^  ""'H:-   «ork  1„  . 

Job  Proficiency  Training 

docuLnT?o'^JdonU?j1,';f  'Z'lnl''  c'"  ^^'^"^  supervisor  as  a  training 

will  now  be  placed  in  ^  tratninffolder  If  Formlp^^  "^^^  assignment.     This  STS 

Proficiency  Guide  (JPG).  ^  ^^^^  ^"'^  ^^^^  called  a  Job 
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Extension  Course  Institute  (ECI) 


This  is  an  agency  of  the  Air  University.     It  is  better  known  as  ECI  with  head- 
quarters at  Gunter  AFS,  Alabama.     In  addition  to  administering  the  career  development 
courses,  ECI  also  provides  a  program  of  voluntary  off-duty  military  vocational  training 
through  correspondence  study.     These  courses  are  referred  to  as  extension  courses. 

The  ECI  program  complements  resident  schools  and  other  programs  in  meeting  the  USAF 
educational  and  training  requirements-     Correspondence  study  is  a  means  whereby  you  may 
increase  your  knowledge  and  value  to  the  Air  Force.     Completion  of  an  extension  course 
does  not  prevent  you  from  taking  a  career  development  course  or  attending  a  resident 
course  at  a  later  date  should  the  opportunity  arise.     In  fact,   completing  an  extension 
course  will  probably  give  you  a  background  for  the  resident  course.     To  apply  for  an 
extension  course  offered  by  ECI,   all  you  have  to  do  is  fill  out  a  Form  23  at  the  base 
education  office  stating  which  course  you  would  like  to  take.     There  is  a  catalog  at  the 
base  education  office  listing  all  the  courses  that  you  may  take. 

College  Credit  by  Examination 

The  College-Level  Examination  Program  (CLEP)  General  Exams  battery  includes  five 
tests:     English,  Social  Science,  Natural  Science,  Humanities,  and  Mathematics.  Scores 
from  the  tests  may  be  evaluated  by  individual  schools  for  as  much  as  30  semester  hours 
of  college  credit.     The  CLEP  Subject  Exams  measure  proficiency  in  specific  courses  and 
result  in  college/university  credit  for  successful  examinees.     Like  the  CLEP,   the  DANTES 
Subject  Standardized  Tests  examine  knowledge  in  specific  course  areas  and  result  in 
college/university  credit. 

Credit  by  examination  can  be  a  tremendous  accelerator  for  people  seeking  college 
degree  completion. 

Basic  Skills  Development 

The  Air  Force's  educational  objective  for  enlisted  personnel  is  for  all  enlisted 
members  to  to  high  school  graduates.     Your  base  education  office  provides  free  basic 
skills  development  classes  (Reading,  English  and  Math)  during  duty  hours.     In  addition 
to  helping  prepare  people  for  a  high  school  diploma,  these  classes  are  also  available  to 
help  people  who  are  on  OJT  to  strengthen  their  basic  skills. 
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EXERCISE  I-2-2b 

Part  1 
INSTRUCTION 

Use  SW  J3ABR5(5G31  000-1-2  to  complete  the  followi 


owing  exercise. 


1.       using  your  notes  from  today's  discussion,  complete  the  following  statements, 
a.     Your  assigned  AFSC  is 


b.     Your  AFSC  at  completion  of  this  school  will  be 
2.       Identify  the  parts  of  the  following  AFSC  number. 
5G  a 


3.       Study  the  Career  Field  Chart  (see  SW  J3ABR56631  000-1-2)  and  In 
enter  the  AF  Specialty  Title  and  AFSC  at  each  skill  Lvol  in  you 


the  spaces  below 
your  career  field- 


^^^^^  ^^""^^  Air  Force  Specialty  Title  afSC 


4.      Career  knowledge  training  is  administered  under  one  jf  two  methods, 
a . 


b. 


5.       Job  proficiency  training  is  administered  by  supervisor's  annotation  of 


current 
^,   in  order  to  develop  the 


?oSwSg  sta^Snis.'^^^'  '^'^^^  J3ABR56631  000-1-2  and  complete  the 

a.     From  your  present  skill  level  of  1.  you  can  attain  the  3-level  by 


b.     Ask  a  3-level  you  can  become  an  AlC.     To  attain  the  5-level  you  must 
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c.     You  can  be  promoted  as  high  as 

advance  from  the  5-  to  7-level,  you  must 


with  a  5-skill   level.  To 


d.     To  advance  to  the  9-level ,  you  must 


7.       Complete  the  following  statements. 

a.  The  number  of  the  Air  Force  ♦iegulation  that  contains  an  airman's  specialty 
description  is  

b.  The  AFSC  of  an  airman  before  he  is  assigned  to  a  career  field  is 

c.  Airmen  being  awarded  AfSC  56691  may  have  formerly  held  AFSCs 


d-     The  Sanitation  Superintendent  carries  the  minimum  grade  of 


PART  2 
INSTRUCTION 

Use  SW  J3ABR56631  000-1-2  to  complete  tbe  matching  exercise  listed  below. 

Matv.n  the  followng  AFSCs  in  Column  A  with  the  appropriate  Grade/Rank  in  Col  UiHn  B- 
.^ach  Graue/iiank  may  be  used  more  than  once. 

COLUMN  A  COLUMN  3 

1.  J^yUuU   ^  ^  a.  CMSi^t 

2.  bb-till   b.  SMSgt 

3.  5GGol   C.  Mtigt 

4.  60G51   TSgt 

5.  56071   e.  SSgt 

50091   f.  Sgt/SKA 

AlC 
h.  Amn 
1.  AB 
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PART  3 

INSTRUCTIONS 

use  SW  J3ABR56631  000-1-2  to  compel te  the  matching  exercise  below. 
Match  the  AFSCs  in  Column  A  with  the  job  titles  in  Column  B. 


COLUMN  A 


1, 
2. 
3. 
4. 


990U0 
56611 
56630 
56631 

5.  5G650 

6.  56651 
56670 
56671 
56691 


COLUMN  H 

a.     Apprentice  Pest  Management 
Technician 


b.  Sanitation  Superintendent 

c.  Environmental  Support  Technician 
Basic  Airman 

Pest  Management  Technician 
Eviroamental   Support  Specialist 
Pest  Management  Specialist 


e 
f 

g 
h. 


Apprentice  Environmental  Support 
Special  ist 


i.     Sanitation  Helper 

PART 

INSTftUCTIONS 

Use  SW  J3ABR56631  OOO-I-^J*. 

to  caie1r'prog'rTssr::'°''        '^'^''^  progression  and  describe  eac.  as  they  apply 


METHOD 


DESCRIPTION 


PROGRESS  CHECK 

tion  and  controlled  by  the  instructor      v^n  mL^  h  P'^^P^''^^  as  a  separate  publica- 

sup^rvision  and  completelt'^ri'or't'o  I'eav^ng^for'  the  Say'' "'""^  ""'^"^  instructor 
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SUMUARY 


Career  field  progression  is  a  means  of  advancinn  in  skill  as  well  as  rank.     In  your 
career  field  of  Sanitation,  you  have  an  Air  Force  Specialty  Code  of  56611.     Mhen  you 
graduate  from  this  course,  you  will  be  awarded  your  3~skill  level. 

Training  programs  in  the  Air  Force  are  designed  to  fit  all  people  regardless  of  what 
they  do  or  where  they  are.     You  will  be  expected  to  enroll  in  one  of  then  shortly  after 
reaching  your  next  assignment. 


REFLRENCES 

1.  AFR  35-1,  Military  Personnel  Classif icaiton  Policy  Manual 

2.  AFR  39-1,  Airman  Classif icaiton  Manual,  Vol  II 

3.  AFR  50-23,  On-the-Job  Training 
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3770  Technical  Training  Group 
(Civil  Engineering  Training) 
Sheppard  Air  Force  Base,  Texas 


SW  J3A13U56G31  000-1-3 


CIVIL  ENGINEERING  MANAGEMENT 


OBJECTIVh-y 


Given  lour  statements,   select  the  one  that  best  identifies  the  BCE  nisslon. 

Given  an  incompleto  BCE  organizational  structure  chart,  complete  the  chart  by  writ- 
ing the  namco  of  the  missing  functional  areas  in  the  appropriate  spaces.     Three  of  the 
five  must  be  correct. 

Usinr:  a  representative  list  of  functions »  responsibilities  and  a  list  of  CE  units, 
match  the  functions  and  responsibilities  xo  the  CE  unit  to  which  they  apply.     Six  of 
nine  must  be  correct. 

Define  property  accountability  and  responsibility. 

INTRGDUCTIUW 

V/hen  you  leave  here,  you  will  be  assicned  to  tlie  Civil  Engineers.     Although  much  of 
your  work  will  be  maintaining  mechanical  equipment,  yo'i  will  have  other  Jobs. 

Paperwork  is  a  necessary  part  of  any  job.     Nobody  really  enjoys  paperwork,   but  your 
job  will  be  more  rewarding  if  you  know  the  correct  procedures  to  accomplish  It. 

Information  on  resources  and  work  force  management  will  be  covered  under  the  follow- 
ing topics. 

o  BCE  MISSIONS 

o  ORGANIZATIONAL  STRUCTUKE  CHART 
o  FUNCTIONS  AND  RESPONSIBILITIES  OF  UNITS 
o  PROPERTY  ACCOUNTABILITY 
INFORMATION 


The  primary  mission  of  Civil  Engineering  activities  is  to  provide  the  necessary 
assets  and  skilled  personnel  to  prepare  and  sustain  global  installations  as  stationary 
platforms  for  the  projection  of  aerospace  power  in  peace  and  war.     The  dual  mission  of 
war  reaoiness  ai.d  asset  sustenance  will  be  accomplished  with  an  integrated  military  and 
civili»}n  work  force  capable  of  rapid  transition  between  missions.     Specifically,  Base 
Civil  Engineering  activities  are  organized  to: 

a.  Maintain  in  the  most  economical        ,ner  all  active  property  (or  structures 
furnished  in  lieu  of  real  property)  to  a  standard  that  prevents  deterioration  beyond 
that  which  results  from  normal  wear  and  tear,  and  inactive  facilities  to  a  standard 
commensurate  with  reactivation  requirements. 

b.  Conserve  natural  resources  through  efficient  land  and  forestry  management  and 
environmental  pollution  control  and  abatement. 

c.  Provide  fire  prevention  and  protection  engineering  services  to  prevent  loss  of 
life  and  property  at  all  installations. 

d.  Furnish  refuse  collection  and  disposal,  custodial,  and  insect  and  rodent  control 
(entomology)  services  efficiently  and  economically. 

e.  Furnish  military  services  required  to  accomplish  assigned  missions  efficiently 
and  economically. 

f.  Formulate  and  maintain  a  maintenance  program  that  will  accurately  reflect  the 
backlog  of  essential  maintenance  and  repair. 


BCE  MISSIONS 


ERIC 


and  ?;qui"?Len;s:'"  effectively  to  support  or  satisfy  installation  missions 

facifuiefSief if  sSp^?  o?''m?ss?on°cLn."err'^"°^  "^'^^^^'^^^       P-^^'^-  — ^ial 
programming  under  iSrm2''con%?r^?iSrbudgS';rocrdu?es"  >  -^^-^  Preclude 

effec;ive^sie=::r°jp^ritfrjra^\°\^ct?;!ii\^j:^^  ^^^^^'^^^ 

n^.te^ial'^SrceTii  SJJirLgL^^r^'S'^rn^c'^ssa^'^^r'*^^^'.  "^^^"^  ^  -d 

suffering,  and  to  minimize  damlge  (sef  aJu  sS-f^  ^^^^  "i^^^ate  human 

attacic.  ^f'^ll^VeZrVslslTl^^^^^^^^  or  enemy 

requested  of  the  major  co:nmand  (see^AFR  Is-f,  AFRl3-3!';„d^Jr93f6l/'''"'""' 

EXERCISE  I -3 -3a 

INSTRUCTION 

Use  SG  J3ABK5GU31  OuO-1-3, 

List  four  of  the  Civil  Engineering  activities. 


c. 


PROGRESS  CHECK 


the  pTevitus'Jns^rucuL'^io'so  '%°5rp?o.%lL''  h".T  ''''  '''''  ^°  ^^^^^  —  °^ 

tion  and  controlled  by  the  inS;uct5r  ?lu  must  rfo  Prepared  as  a  separate  publica- 
supervision  and  complete  it  priox-  Jo  leaving  ?or  ?Se  S^y!'"*'"""  "'"'^^  ^^^^^^^tor 
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INFORMATION 


ORGANIZATIONAL  STRUCTURE  CHART 

The  structural  alignment  required  for  the  Base  Civil  Engineer  organization  is  pre- 
scribed by  Air  Force  Manual  26-2.     The  Baso  Civil  Engineer  (BCE)  Is  responsible  for 
everything  that  goes  on  in  his  or  her  organization,  however,  one  person  cannot  supervise 
everything.     The  BCE  has  executive  manage:  3,  called  branch  chiefs,  who  help  manage  the 
organization . 

BRANCH.     There  are  seven  branches  in  most  Civil  Engineering  (CE)  organizations.  See 
figure  3-1.     They  are:     Finaiicial  Management,   Industrial  Engineering,  Family  Housing 
Management,  Squadron  Section  and  Administraiton ,  Operations,  Engineering  and  Environ- 
mental Planning,  and  Fire  Protection.     Each  of  these  branches  has  a  branch  chief.  Most 
branches  are  so  large  that  the  branch  chief  needs  help  managing  what  is  going  on. 
Therefore,  most  of  the  branches  are  broken  down  into  sections. 

SECTION.     Each  section  is  managed  by  a  superintendent.     Looking  at  figure  3-1  again, 
you  will  see  that  the  Family  Housing  Management  branch  has  three  sections.     They  are 
Housing,   Housing  Referral,  and  the  Programming  and  Studies  section.     Operations  is  the 
largest  branch  in  CE.     This  branch  has  eight  sections.     These  sections  are:  Resources 
and  Requirements,  Pavements  and  Grounds,  Structures,  Mechanical,  Electrical,  Electrical 
Power  Production,  Sanitations  and  Systems  Management.     Most  superintendents  would  be 
over-worked  if  they  tried  to  issue  every  order  and  assign  every  job  to  the  workers  in 
their  sections.     Again,  looking  at  figure  3-1,  you  can  see  that  most  sections  are  brok*^n 
down  into  units. 

UNITS.     Units,  sometimes  called  shops,  are  controlled  by  supervisors.     In  the  past 
these  managers  were  called  foremen,  so  don't  be  too  suprised  if  the  old  timers  still 
call  the  supervisor  by  that  term.     The  sanitation  section  superintendent  can  have  as 
many  as  four  unit  supervisors  working  for  him  or  her.     As  an  environmental  support 
specialist  you  will  work  in  the  water  or  wastewater  unit. 
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Figure  3-1.     Base  Civil  Engineer  Organizational  Chart 
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INSTRUCTION 


EXERCISE  I-3-3b 


Use  SW  J3ABR56631  000-1-3. 

Fill  in  the  blank  spaces  on  the  Base  Civil  Engineering  Organizational  Chart,  figure 
3-2,  then  give  the  major  function  of  each  shop  in  the  space  below. 


2. 

3 


4. 


MNANCIAl 
MANAOlMlMt 


'•[Z 


lltOMCII  MtB 

iioyiiiaiMil 


3 


Alt 


■rrnrv 


] 


3 


fAMIlT  NOwltNO 
MAMAOlMlNI 


HHOWtlMA  I 
■IMliai  J 


1     INOlNlllINO  «Mt 

5. 

E  IMVllONMlNUi 

1          PX  AMNIMO 

IMOiMllliNO 


IINWONMNtM  «| 


,  AOMlMSIIAnOM  I 


(MCI  eMNAtlMI  I 


.1  1 

■ 

IMUCIMIU 

JIIMiAAiAii'iail 
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HriTifiDi 
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jPigiir«  3-2.     Base  Civil  Engineering  Organizational  Chart 


PROGRESS  CHECK 


You  should  be  ready  for  the  progress  check.     If  you  feel  you  need  to  review  some  of 
the  previous  Instruction,  do  so.    The  progress  check  is  prepared  as  a  separate  publica- 
tion and  controlled  by  the  instructor.     You  must  do  the  progress  check  under  Instructor 
Q  supervision  and  complete  It  prior  to  leaving  for  the  day. 

ERJC  3-i3V 


INFORMATION 


FUNCTIONS  AND  RESPONSIBILITIES  OF  UNIT 
Functions  of  Civil  Engineering 

functional  rcspSn.ibiuuL"?' tSfBCE  a?rlj™«„e5  J°,?f8»"l»'"°"-  nine 
e„ry"a°L"^^         ^"sS^lS'-.elo^^- -  P-P-  wUMn  c.  .no  .eep  ^co...  on 

Jo.s^"'S''f,/^l~«r5;o,S^°"  —  -  P'-  an  .or..    Tnia  „ea„s  ,,c.  s»an 

ENGINEERING  AND  CONSTRUPTTnN  ni? 
tion  and  re latedTograms    Thecal sfiJ^L.?^  "^"^^e  and  supervise  construc- 

constructed  for  the  Air  Force  inspect  and  accept  completed  real  property 

UTILITY  SERVICE.     Provides  basic  utility  servioP  in 
environmental  support  specialist  you  Jill  be  prJJjSine  thr."?^'  economic  manner.     As  an 
utilities  at  the  base,     other  utilities  that  pf  ^  the  water  and/or  .wastewater 

heatin..  cooling  or  air  con.,tVnlilTn.ToltLtl  [cTSJ^iJaStJ^rng^r^  electricity,  gas. 

the  maintenance  and'repair'of  pJa\t \\;Sen'?\n"d"^ei:rproper?r  '"'^^"'^ 
.ase-J^?.-^-ir-!ie-ii--.„^^^^^^^^ 

provL^L'  ""e'^^rlZot^^^^^^^^^^^  '"'^out  fire  proteciton.  CE 

FAMILY  HOUSING  MANAGEMENT.     The  Air  Force  knows  that  if  tv, 
taken  care  of.   he  or  she  will  be  a  good  worker      cl  iTLJ  ^^e  member's  family  is  well 
are  clean  homes  for  the  personnel  ar^harSase.'  responsible  for  seeing  that  there 

Nino  functions  didn't  sound  like  much  at  first    did  it?  Thr«„,,h 
his  or  her  resources,   the  BCE  can  get  this  job  done.  Through  the  proper  use  of 

Use  of  Resources 

The  BCE  has  two  ways  of  getting  the  work  done.     They  are.  contract  and  in-service, 
and  ?o'dTS;ge'^\\Sc%ro\^  ToTeTtl'!''  ^°  ^°  — of  office  spaces 

IN-SEUVICE.     Military  and  civilian  personnel  are  assigned  to  the  CE  organization. 
Responsibilities 

'^^^ili-s  assigned  to  your  units 
it>  any  difference  between  their  rusponsibilitios. 

sy.tcns.    They  „ay  als^  bo  u.e""' p^Jf^^rinoroonl^S^J^""  '° 


3-G 


13i) 


MILITARY  PERSONNEL.     Military  personnel,   in  the  BCE  organization,  are  used  chiefly 
for  direct  combat  support  roles  in  support  of  the  Air  Force  mission,   under  the  Primf« 
Base  Engineer  Emergency  Force  (BEEF)  concept.     In  addition,  you  will  pnrform  those  ' 
duties  cited  for  civilian  personnel.     Your  duties  will  be  diversififed  enough  to 
maintain  the  competence  necessary  for  you  to  carry  out  your  direct  combat  support  rolos. 

UNIT.     Your  responsibilities  in  the  water  treatment  area  will  be  to  operate,  main- 
niont=      l^P^^l  ••'ater  plants,  water  distribution  systems,  and  water  pollution  control 
plants  and  systems.     You  may  also  operate  and  maintain  a  deminerali/.ed  water  treatment 
ni^^^'viJl  ^f^r^r^*""^^*  aircraft  use.     If  you  work  in  a  wastewater  treatment 

plant  you  will  find  yourself  operating,  maintaining  and  repairing  wastewater  plants  and 
equipment.     You  will  find  yourself  concerned  with  meeting  federal  regulations  that 
prevent  environmental  pollution.     As  you  can  see.   the  environmental  support  unit,  of  the 
sanitation  section,   is  a  very  important  place  to  be  working. 

EXEIICISE  I-3-3C 

INSTRUCTION 

Use  SW  J3ABR5GG31  000-1-3  to  complete  the  following  questions. 
1.       In  your  own  words,   or  those  of  this  text,   define  the  word  "functions". 


2.       Name  the  two  functions  within  the  BCE  responsibilities,   that  you  will  most  likelv 
find  yourself  involved  with. 


Name  the  two  types  of  in-service  personnel  resources  that  will  be  found  within  a  CE 
organizat  in . 


What 
orga 


is  the  chief  role  of  the  military  personnel  assigned  to  a  Civil  Encineorinr 
nization? 


PROURESS  CHECK 


You  should  be  ready  for  the  progress  check.  If  you  feel  you  need  to  review  some  of 
the  previous  instruction,  do  so.  The  progress  check  is  prepared  as  a  separate  pubJica- 
«nn^.5ff^r      H  ^Z'"''  instructor.     You  must  do  the  progress  check  under  instructor 

supervision  and  complete  it  prior  to  leaving  for  the  day. 


ERIC 


INFORMATION 


PROPERTY  ACCOUNTABILITY 
require  limiting  the  use  of  these  resoS^ceS  "^"  management  responsibilities 


OSS  , 

egl  igence, 


H«mo^°^*''*^?[  management  responsibility  includes  pecuniary  liability  for  the  i 

Equipment  and  material  needed  in  the  Air  Pnrrp  nt-*^  ^./^o+i  v 
directly  resDonsihiP  i +^  /     .  i-orce  are  costly  and  someone  must  be 

uirectiy  responsible  .or  its  safekeeping.     Custodians  are  assigned  for  this  reason. 

Custodial  Accontabil ity 

equipment  and  material  are  still  on  hand  and  being  maintained  accountable 
Personal  Responsibility 

.sslgSeJ'i^'^iL?"  "^P""""^  '<>■•  eQ»lP".ent  such  .s  toolbce.  that  are 

TEMPORARY  ISSUE  RECEIPTS  (AF  Form  1297) 
The  Temporary  Issue  Receipt,  sometimes  called  an  issue  turn-in  slio     i«  .,«,.,!  h„ 
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PART  1 
INSTRUCTION 

Use  SW  J3ABK56G31  000-:i,   to  answer  the  questions  below. 

1.  When  loaning;  a  piece  of  equipment,  which  form  would  you  use  to  tran.slor 
responsibility  for  the  equipment? 

2.  Who  is  directly  responsible  for  equipment  assigned  to  a  functional  areu? 

3.  Who  is  indirectly  responsible  for  AF  equipment? 


PART  2 
INSTRUCTION 

Use  your  notes  to  complete  this  exercise. 

Temporary  Issue  Receipts  (AF  Form  1297) 

;be  following  list  of  items  below  are  entries  normally  used  in  filling  out  a 
temporary  issue  receipt.     Fill  out  the  temporary  issue  receipt  below  and  place  the 
entries  in  the  correct  block. 


1.  John  Cochran 

2.  ea 

3.  6810-403-2789 


4.  10  July  80 

5.  MSgt  Gibeau 


7.  b  Jul  80 

8.  10 

y.  Valve, 

Gate,  1/2" 


10.  4C80 

11.  Maj  henseley 

12.  John  Cochran 
AMN,  CES 


TYffD  Ol  WNTCD  Nkmf.  CtAD(  AND  OtCANlJATlON 


STOCK  NO. 


TO:  fR*t^9mtiHw  n/K,,rt 


DrSCRtmON 


ORG  aCO  mo 


f)«Tf  lt(M{'|  TO  •(  nflKlMUfO 


OUANIlTr 


I^AOCNOWIEOCE  ifWlPT  AND  -ESPONSl.lUTY  P0«  rTEM.S,  SHOVyN  IN  •  QUANTlTt  ISSUED  '  COtUMN.  WHICH  Will  BE  KETUItNEO 


ON  GATE  SrfCtFtEO 


AF     s'lP*;'o     i  297  MfVIOOi  IDMIDMS  will  K  UtfD 


TEMPORARY  ISSUE  RECEIPT 


Figure  3-3 


PROGRESS  CHECK 


tion  and  contJoneS  by  the  Jnl?;uc?S?  ?ormus?  do  .i^  prepared  as  a  separate  pubUca- 
supervision  and  co«pKte'?t  S.'S'JrieaJJng^JoJ  ?Se%^'°''''"  ""'^"^  instructor 


SUMMARY 


REFERENCES 

1.  APR  85-1,  Resources  and  Work  Force  Management 

2.  AFR  85-10,  Operation  and  Maintenance  of  Real  Property 

3.  GSA  Stock  Catalog 
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3770  Technical  Training  Group 
(Civil  Engineering  Training) 
Sh<3ppard  Air  Force  Base,  Texas 


^)V/  J3ABKi3GC31  000- i-1 


SHCUltlTY  (0Pi5L;C) 


OBJECTIVE 


Given  information  pertaining  to  the  operational  activities  related  to  AFSC  5G6X1 , 
select  three  activities  which  indicate  Or-SEC  vulnerabilities. 

INFORMATION 

Operations  security  (OPSEC)  in  squadron  contingency  operations  is  one  zrcix  of 
vulnerability.     The  BCE  has  an  important  role  in  contingency  operations  for  the  base. 
We  have  certain  responsibilities  reJated  to  alerts  during  wartime  operations.     Our  Prime 
BEEF  teams  are  another  area  of  vulnerability.     During  your  stay  in  the  Air  Force  and  in 
CE,  you  may  possibly  be  assigned  as  a  member  of  a  Prime  BEEF  contingency  team  and  as  a 
member  you  will  have  access  to  such  information  as  strength  figures,   alert  status, 
destination  of  a  team  on  alert  status,   etc.     This  type  of  information  should  not  be 
talked  about  with  individuals  not  having  authorization,  and  a  need  to  know.     An  enemy 
agent  obtaining  bits  and  pieces  of  th.rs  information  could  find  out  the  extent  of  the 
whole  operation  and  take  action  which  could  result  in  the  failure  of  the  mission,  and 
possible  loss  of  many  lives. 

There  are  also  OPSEC  vulnerabilities  related  to  your  own  job.     In  the  environmental 
field  we  do  things  which  gain  us  access  to  information  which  would  be  vulnerable  to 
OPSEC.     We  at  times  nust  enter  areas  which  have  classified  information.     For  example, 
when  we  must  work  in  an  alert  facility,  or  hangars,   base  operations  and  ev<^n  in  the 
command  post.     During  this  time  we  may  learn  such  things  as  status  of  aircraft,  duty 
lists*  of  the  crews,  and  nore  information.     While  we  are  producing  deminerallzed  water, 
we  may  see  planes  being  camouflaged,  materials  bein^i  loaded  on  planes  or  being  stored  to 
support  an  operation.     This  kind  of  information  in  the  wrong  hands  could  be  very  deadly 
and  you  should  not  talk  about  it. 

In  the  environmental  field  we  have  access  to  other  information  which  would  bo 
vulnerable  to  OPSEC.     We  have  such  information  as  the  total  number  of  gallons  and  type 
of  water  we  treat.     This  in  itself  could  show  excess  aircraft  activity  and  bas(?  popu- 
lation.    We  would  also  know  if  any  portable  water  purification  units  were  being  made 
ready  for  use  for  a  Prime  BEEF  operation.     This  kind  of  information  is  also  vulnerable 
to  OPSEC. 

Emphasis  on  OPSEC  must  continue  during  peacetime.     This  emphasis  is  maintained  by 
dfweloping  a  strong  OPSEC  training  program,  by  using  sound  OPSEC  principles,  by 
stressing  enemy  intelligence  colleciton  capabilities,  and  by  conducting  OPSEC  surveys  of 
various  peacetime  operations  such  as  exercises,   unit  movements,   systems  development,  and 
logistics  support.     Additionally,  continuous  command  attentions  is  required  to  assuro 
that  plans,  procedures,  and  training,  encompass  imaginative  and  practical  OPSEC  consid- 
erations,  and  that  personnel  were  motivated  to  use  effective  OPSEC  principles. 

OPSEC,   COMSEC,   information  security,  and  physical  security  are  interrelated  and 
mutually  supporting  programs.     However,  OPSEC  has  broader  application  in  that  it  seeks 
to  protect  unclassified  and  otherwise  highly  visible  aspects  of  an  operation  as  well  as 
classified  aspects.     It  makes  little  sense  to  protect  an  operation  by  classifying  some 
parts  of  it,  or  to  expend  COMSEC  resources  protecting  information  about  it,  when 
unclassified  conversations,   sterotyped  procedures,  and  other  readily  available  data 
could  provide  an  enemy  with  meaningful  intelligence  indicators.     An  effective  OPSEC 
program  will  eliminate  or  control  many  of  these  indicators. 

OPSEC  must  be  a  matter  of  continuing  concern  throughout  the  life  of  an  operation. 

Specific  operations  orders,  programs,   standard  operating  proC(?duros,  and  support iiif 
plans  and  procedures  must  be: 

♦  Developed  with  the  awareness  that  the  enemy  can  identify  and  exploit  vulnerable^ 
activities. 


4-1 


ERIC 


^tte:°irAt^\rsr,rti''i,T.  'oTritiT^'''"' °' tho 

e,pi:ua?j?„°"'  \t  o?I"''t„°;ec;"L';.e''va?;dT?y'of       °J.  '"""-"i""  vulnerable  to 

foUo.oJ  during  oxecutJon        ,,?1  ^rjuM^c  offnnf^;      ^ElJ^^""""  ""^^'^  Practices  are 
.sslstance  fro,,  other  agencleri^/^o'SeiSfurtrJSfs  supervilJon'!"  '''""'o'"- 

..luJCle"'r„t'e??l-"ce";or  enl^'l'l  SS^.J-^rn'c^^llir:"  n1t%"o.!ff n-^'"" 

COMMON  OPS EC  VULNERABILITIES 

Operaitonal  Indicators 

stereotyped  sequences  of  events  comprising  various  phases  of  the  operation, 
information"''""  ^'^'-"'^'^^  ^^^^  ^^-^  P-P"  safeguards  for  sensitive 

Of  co:;^a;d''°"        unclassified  reports  at  specific  intervals  to  specific  units  of  levels 

Sterotyped  patterns  of  flight  activity  at  a  particular  location. 
Procedural  indicators 

Public  information  releases. 

Posting  of  operational  plan  information  in  insecure  areas, 
areas?'""'  transportation  scheules,  and  dining  hall  schedules  in  insecure 

Distinctive  emblems  or  paint  on  vehicles,   buildings  or  aircraft. 

tionS?^^ieTa2:  ni^£;i:is:^^:;iSj^e\^dliier eJ??^"°"  °^  -  oP-a- 

Logistlcs  bu  Id-up  or  positioning  of  support  materials  and  facilities, 
special  briefings,  meetings  or  reliUous  services. 

nlz.?i';  f"?.\1or"'?SenT!?ici't'ro"°oJ'rn'^oSe'f«1o°;^  ""^  "  "-1=- 

Exercising  or  testing  portions  of  a  plan, 
Coniinunicutions  Indicators 

^^rXl^^^^^^^^^^^  operation  and  conducted 

use  Of  unchanging  or  infrequently  chaning  call  sings  and/or  radio  frequencies. 

mili?ary'\°cUvitr''''  -''-^-teristics  which  are  indicative  of  particualr  types  of 
A  Significant  increase  or  decrease  in  message  traffic  volume. 
Activities  of  now  communications  facilities  in  support  of  an  operations  plan. 
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SUMMARY 


Operations  Security  is  a  procram  whicli  surveys  and  applies  controla  to  COMSnC, 
information,  and  physical  security  to  deny  valuable  information  to  the  unumy. 

The  need  for  overall  security  is  not  limited  to  major  combat  operations,   but   is  also 
important  for  any  operation,   including  peacetime  maneuvers.     In  the  case  of  combat 
operations,  prior  knowledge  by  the  enemy  can  give  hir'  time  to  take  defensive  action 
which  will  cause  the  operation  to  be  ineffective  or  fail  compl-toly.     Peacetime  opora- 
.tions  which  are  known  to  a  potential  enemy  can  ^ive  him/her  an  advantage  militarily  and 
diplomat ical ly . 

We  have  shown  you  some  of  the  job  related  situations  which  are  vulnerable  tc  OPSKC, 
Yfu  will  be  obtaining  bits  of  unclassified  information  which  if  talked  about  with  the 
wroat  individuals  could  given  an  enemy  agent  insight  into  an  operation  which  ic; 
c lassi  f ied . 


QUESTIONS 


1.     What  squadron  contingency  operations  are  vulnerable  to  OPSEC? 


2.     What  type  of  duties  do  we  perform  in  the  environmental  field  which  would  ^ivo  us 
access  to  information  which  could  be  vulnerable  to  OPSEC? 


3.     What  type  of  information  do  we  have  access  to  that  would  be  vulnerable  to  01>SEC? 


From  the  following  list  of  operational  activities  related  t<3  AKSC  5UGX 1  ,   place  a 
check  mark  next  to  those  activities  taht  indicate  OPSEC  vulnerability. 

 ^'     You  are  a  member  of  a  Prime  3EEF  team  and  you  are  on  alort.  you  di.scuss  thi.s 

with  your  next  door  neighbor. 

 2.     You  discuss,  with  your  supervisor,   a  problem  that  you  are  tmving  with  the  unit 

that  supplies  water  for  the  aircraft. 

 Vou  tell  a  friend  of  yours  that  you  are  going  to  be  working  on  a  new  type  of 

portable  purification  unit  the  base  is  receiving  for  the  Prime  DEEP  exercisn. 

.  ....  I->uring  your  trip  to  take  a  well  reading  in  tlie  flight  line  area  you  see  air- 

craft being  camouflaged.     You  then  discuss  this  information  with  a  buddy  you 
know  at  a  local  drinking  establ iiihment . 


You  should  be  ready  for  the  progress  check.  If  you  feel  you  need  to  review  some  of 
the  previous  instruction,  do  so.  The  progress  chock  is  prepared  as  a  separate  publir.:- 
tlon  and  controlled  by  the  instructor.  You  must  do  the  progress  check  under  instructor 
supervision  and  complete  it  prior  to  leaving  for  the  day. 


EXERCISE  I"4"4a 


PROGRESS  CHLCK 
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TECHNICAL  PUBLICATIONS 

OBJECTTVES 

Use  numerical  indexes  a:..i  requirement  tables,   locate  the  title  of  a  manual,  a 
regulation,   and  a  technical  order  when  the  numbers  are  known,  witli  no  more  than  three 
instructor  assists. 

Using  a  manual,   a  regulation,  a  technical  order  and  a  commercial  publi-r.tion,  fmri 
inswer  to  given  problems  with  no  more  than  three  instructor  assists. 

Given  information  pertaining  to  a  technical  order  deficiency,   select  tho  action 
that  should  be  taken  to  correct  the  deficiency.     Three  of  tie  four  must  be  corrcjct. 

Using  the  parts  of  a  GSA  supply  catalog  and  an  incomplete  list  of  stock  numbers  and 
nomenclatures,   locate  and  list  the  missing  information  with  no  more  than  two  instructor 
assists. 

INTRODUCTION 

Civil  Engineering  also  has  the  functic^a  of  maintaining,   preparing  and  filing 
information  on  current  plans  which  pertain  to  various  structures  and  equipment  on  buse. 
Structures  may  include  a  facility,  building  or  a  piece  of  oiiuipment  attar.hcd  to  that 
building.     The  structure  can  be  either  permanently  or  temporarily  installed  or 
constructed.     These  structures  are  called  Real  Property  Installed  Equipment  (RPIJii). 
These  various  structures  can  include  water  pump  stations,   lift  stations,  water  plants, 
wastewater  plants,  electrical  control  panels,   pavements,  curbing,   and  support  ecjuipment. 
Government  furnished  domestic  appliances  that  are  part  of  public  quarters,  dormitories 
or  base  support  facilities  are  also  considered  real  property.     Specific  standards  and 
records  are  maintained  on  real  property,  materials  and  equipment  to  meet  the  design 
requirements  for  construction,  capacity,   fire  safety,  expenditure  of  resources,  current 
and  planned  usage,   replacement  costs,  and  several  other  type  criteria  to  make  the  most 
economical  and  practical  use  per  cost  capita.     Real  property  facilities  and  eijuipment 
will  be  evaluated  according  to  requirements  included  in  technical  publications  or  at 
least  once  each  year  or  more  often  if  extensive  usage  or  environment  makes  it  necc^ssary 
in  order  to  complete  work  requirements. 

Files:  and  current  plans  on  Real  Property  Installed  Equipment  must  bo  maintained  and 
updated  consistantly .     The  maintenance  information  roiniirod  may  include: 

1.  Active  installations 

a.  Airfield  pavements 

b.  Permanent  and  semi-permanent  buildings 

c.  Temporary  buildings  and  structures 

2.  Inactive  installations 

a.  Facilities  programmed  for  future  use 

b.  Fire  and  guard  protection 

c.  Utility  systems 

d.  Facilities  and  equipment  awaiting  disposition 

A  master  publications  library  is  authorized  at  base  level  by  AFU  5-31.  The 
library  will  include  many  types  of  publications  issued  by  the  base  or  Iiig.ner  authority. 
Air  Force  Regulations  (AFUs),  Air  Force  Manuals  (AFMs),  and  Air  Force  Pamphlets  (AFl\s)' 
are  issued  by  higher  authority  and  apply  to  the  base. 
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system. 


for  slSnlv'^frmi  Administration  (GSA)  catalog  gives  you  information  you  need 

for  supply  Uems.  stock,  and  nonstock  in  the  GSA  supply  system. 

INFORMATION 

tion/'iH!nI'f-^\-"'^'r.^^  technical  publications,  the  types  of  technical  publica- 
tions, Identification  of  indexes  and  how  to  use  the  indexes. 


EXERCISE  I  -5-5a 

PART  1 

INSTRUCTIONS  ^ 

Use  TOs  0-1-01.  0-2-1.  0-1-40.  00-5-1.  40W-4-9-1.  40W-4-9-14    and  AFR  0-2  to 
complete  the  following  questions  with  title  or  numbers. 


NUMBER 

1.  0-1-11-6 

2.  0-1-10 

3.   

4. 


TITLE 


Shop  Machinery  and  Associated  Equip 


Standard  and  Special  Tools  Technical  Orders 


5.  AFR  91-26 

6.  AFM  91-32 
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PART  2 
INSTRUCTIONS 

Use  SG  53,  54,  55,  5G,  Publications  to  complete  the  following. 

1.  Identify  what  each  of  the  following  numbers  stand  for  when  it  follows  the  last  dash 
in  a  TO  number: 

a.  -1   

b.  -2  ^  

c  -3  

d.  -4  

2.  Identify  each  digit  of  the  following  TO  number  on  the  blank  lines  provided. 
TO  40  W  4  -9  -1 

3.  List  the  numerical  Technical  Order  index  number.   

4.  List  the  alphabetical  Technical  Order  index  number.     

5.  List  the  TO  index  number  for  the  40  category  TOs.  


INSTRUCTIONS 

COLUMN  B 

  1.  AFR  0-2  a.     Alphabetical  listing  of  equipment  and  technical 

2.  TO  0-1-01  publications  number  groups 

3  TO  n  9  1  ^'     '^""f'"i'=al  and  subjective  index  of  standard 
  -  .  iu  u-^-i  publications  and  recurring  periodicals 

  4.  TO  0-1-40  c.     Commercial  air  conditioning,  heating,  plumbing 

 5.  TO  00-5-1  equIpleJt";''  ^^""^^""6  and  water  treatment' 

  °-  "^Os  d.    Numerical  Index,  Master 

  7.  AFR  91-2G  e. 


Maintenance  and  operation  of  water  supply,  treatment. 


8.     TO  00-5-2  distribution  systems 

iJ.     AKM  i31-'J2  ^*     Pertains  to  accident  prevention 

C.     Index  of  water  plants 


h.  Operation  and  maintenance  of  domestic  and  industrial 
wastewater  systems 

i.  Airman's  Classification  Manual 
j.     Air  Force  Technical  Order  System 

k.     Tell  how  to  obtain  and  distribute  TOs 

1.     Detailed  information  and  illustrated  parts  breakdown 


PROGRESS  CHECK 


the  l?ov?S  instruction  °dV'o  ''"T"^^  ^^'^  '^^^  "^^^  ^°  ---w  some  of 

supervision  and  cornplLo  it'Jri'or%'o  leaving^fo      Se^r'^'^''"  '^'^'^^  ""'^^^  instructor 
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INFORMATION 


Using  a  manual,  a  regulation,  a  technical  order,  and  a  commercial  publication, 
correctly  locate  information  about  equipment  operation,  maintenance,  overhaul  and  parts 
breakdown.    Also  there  is  the  guide  and  rules  that  we  must  follow  da.y-by -day . 

EXERCISE  I-5-5t> 

PART  1 

INSTRUCTIONS 

Using  AFR  91-26,  find  and  circle  the  errors  in  the  statements  listed  below. 

1.  Before  operation  service  of  gasoline  engines  check  fuel  pipe  to  see  if  frozen.  If 
fuel  pipe  is  frozen  do  thaw  with  open  flame. 

2.  When  repacking  gate  valves  (not  buried),  check  and  service  all  parts  of  valve 
completely.     Remove  stem  polish  lightly  with  fine  file  lo  put  stem  in  good 
condi  t i  on ♦ 

PART  2 

INSTRUCTIONS 

Using  AFM  91-32,  find  and  circle  the  errors  in  the  statements  listed  below. 

1.  Heat  the  primary  digester  to  about  lOS'^F  to  IIO'^F. 

2.  Disinfection  of  wastewater  is  the  killing  of  disease  causing  or  pathogenic  micro- 
organisms in  water.     The  pathogens  most  often  found  in  industrial  wastewater  can 
cause  dysentery,  cholera,  typhoid  and  paratyphoid. 

PART  3 

INSTRUCTIONS 

Using  AFR  39-1,  find  and  circle  the  errors  in  the  statements  listed  below. 

1.  The  duties  and  responsibilities  of  the  plant  operator  consist  of  eight  duties. 

2.  In  the  specialty  qualification  the  completion  of  college  with  courses  in  chemistry 
and  physics  is  desirable. 

PART  4 

INSTRUCTIONS 

Use  the  TO  indicated  In  the  statements  listed  below  to  complete  the  phrase. 

1.      Using  TO  0-1-40,  find  the  TO  for  Operating  Purification  Unit.    Models  600-2500,  600 
gal  per  hour  trailer  mounted. 


Using  the  TU  found  in  step  4,  locate  the  electric  control  box  and  components  and 
complete  the  following  statement. 

The  low  water  level  warning  light  works  in  conjunction  with  the  

when  the  water  level  is  In  the  well. 


3.      Use  TO  40W4-9-14,  Organization  Maintenance  Repair  Parts  and  Special  Tool  List., 
locate  and  recod  the  figure  number 


 .  _f  Item  number 

and  stock,  number  r 

control  box.  ^   warning  buzzer  on  the  electrical 

PART  5 

INSTRUCTIONS 

using  TO  40W4-13-1,  find  and  circle  the  errors  in  the  statements  listed  below. 

S^"lre^^f^p^%%s^^^^  rSl-a^v^X^'^psId?^^-^^^  -^^^^^^  ^^^-^  ^-ge 

2.       In  choosing  the  site,  your  rav  water  hoses  can  reach  about  50  feet. 
PART  6 

INSTRUCTIONS 

in  the1tftementl'Klow°?"''°"  ""^'^"^'"^  P""'^  instruction  book,  find  «.d  circle  the  errors 


PROGRESS  CHECK 

the  "X^^^^^^^  feel  you  need  to  review  see  of 

tion  and  controlled  by  the  instructor      Jon  ^Lfn^  P'^^P"^'^  ^s  a  separate  publica- 

supervision  and  complete  it  p?iar  to  lea^^ng^for  the  dry?"^'^"'  ""'^^'^  instructor 
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INFOUMATION 

The  correction  of  minor  inaccuracies  of  a  non-technical  nature  will  not  Ix^ 
recommended  on  improvement  reports  unless  such  inaccuracies  change  the  moaning  of 
instructive  information  and  procedures. 

EXERCISE  I-5-5C 

INSTRUCTIONS 

Use  TO  00-5-1  to  find  the  correct  responses  to  statomonty  below. 
1        Who  is  responsible  for  reporting  mistakes  or  deficiencies  in  tcchnicaJ  orc'ors? 

2.  List  the  form  number  and  title  of  the  AFTO  form  used  to  report  TO  deficiencies. 

3.  Select  the  action  which  should  be  taken  when  these  deficiencies  are  found. 

a.  Correct  the  error  using  black  ink 

b.  Fill  out  AFTO  Form  22  and  report  it  to  your  supervisor 

c.  Report  it  to  your  supervisor  and  make  the  correction  in  black  ink 

d.  Report  it  to  your  supervisor. 


PROGRESS  CHECK 

You  should  be  ready  for  the  progress  check.  If  you  feel  you  need  to  review  some  of 
the  previous  instruction,  do  so.  The  progress  check  is  prepared  as  a  separate  publica- 
tion and  controlled  by  the  instructor.  You  must  do  the  progress  check  under  instructor 
supervision  and  complete  it  prior  to  leaving  for  the  day. 


INFORMATION 


Air  Force  Supply  Manuals  and  Catalogs  are  very  valuable  in  your  job.  In  order  for 
thesf3  manuals  and  catalogs  to  aid  you,  you  must  know  the  purpose  and  breakdown  of  thcuv 
manuals  and  catalogs. 

Purpose  of  Supply  Manuals  and  Catalogs 

Air  Force  Supply  Manuals  and  catalogs  aid  you  when  you  need  to  find  the  Information 
to  order  equipment  and  materials  that  you  use. 

GSA  Federal  Supply  Catalog 

The  General  Services  Administration  (USA)  Catalog  gives  you  information  you  need 
for  all  supply  items,   stock  and  nonstock  in  the  GSA  Supply  System. 
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KXEhCISE  I-5-5d 


PART  1 


INSTRUCTIONS 


Using  the  GSA  Stock  Catalog.  Part  I     in^^ntM  ^^.^^i,  u 

lumbers  for  the  following  listed  it^ms.  ^^^""^  numbers,  prices,  and 


page 


NAME  OF  ITEM 


1. 
2. 
3. 


Helmet,  Construction .  Wor ker s 


STOCK  NUMBER 


PRICE 


PAGE/ 
COLUMN 


Envelope,  Wallet  4  x  B  1/2' 


Handle,  Chisel  and  Gauge  Lg  5  1/2' 


PART  2 
INCTRUCTIONa 


STOCK  NUMBER 


NAME  OF  ITEM 


188Uh 


PRICE 


1. 
2. 
3. 


5210-0U-243-3349 


"Paget 

COLUMl^ 


6640-00-051-y490 


375U-0U-255-7734 


PROGRESS  CHECK 

tion  and.  controlled  bJ°?he'LI?;ucISr /'for^u^t'doM  Tr^Tess  c'heck'CSd^r 
supervision  and  complete  it  prior  to  leaving  for  the  day!  instructor 
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SUMMARY 


Air  Force  Regulations  announce  policies,  as.-^ign  responsibilities,  and  direct 
actions. 

Air  Force  Manuals  contain  permanent  and  detailed  instructions,  proceduresr  and 
techniques  that  enable  personnel  to  perform  their  duties. 

Air  Force  Pamphlets  usually  contain  informative  materiel,  rather  thian  directive 
material.     However,  some  are  directive,  as  ia  the  case  of  AFP  85-1. 

Air  Force  Manuals,  Pamphlets,  and  Regula>^. ions  are  indexed  in  AFR  0-2  alonq  with 
Recurring  Periodicals  and  Visual  Aids. 

A  Publications  Bulletin  is  issued  bi-weekly  to  advise  on  the  availability  of 
publications  and  forms  distributed  by  the  AF  Publications  Distribution  Center. 

To  be  of  maximum  value  to  your  organization  and  the  Air  Force,  you  should  make  a 
great  effort  to  keep  current  on  new  publications  and  changes  to  publications  pertaining 
to  you  and  your  organization.     You  should  especially  review  new  indexes  frequently  for 
the  purpose  of  identifying  new  publications  which  will  assist  you  in  your  work. 

REFERENCES 

SG  AFS  54,  55,   56,  Publications 

AFR  0-1^  Numerical  Index  of  Standard  and  Recurring  Air  Force  Publications 
AFR  39-1,  Airman  Classification  Regulation 

AFR  91-26,  Maintenance  and  Operation  of  Water  Supply,  Treatment  and  Distribution  Systems 

AFM  91-32,  Operation  and  Maintenance  of  Domestic  and  Industrial  Wastewater  Systems 

TO  0-1-01,  Numerical  Index,  Alphabetical  Index  Cross-Ref erence  Table 

TO  0-1-02,  General  Technical  Order 

TO  00-5-lr  Technical  Order  System 

TO  00-5-2,  Technical  Order  Distribution  System 

TO  40W4-9-1,  Operator  and  Organizational  Maintenance  Manual  WPU  Trailer  Mounteo  600  GPH 
TO  40W4-9-14,  Organizational  Maintenance  Repair  Parts  and  Special  Tool  Lists,  Water 

Purification  Unit,  Trailer  Mounted  600  GPH 
TO  40W4-13-1,  Water  Purification  Unit  Reverse  Osmosis,  600  GPH,  Trailer  Mounted 
AFTO  Form  22,  Technical  Order  System  Publications  Improvement  Report  and  Reply 
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SAFETY  PROGRAM  AND  ACCIDEOT  PREVEOTION 


OBJECTIVES 

Identify  two  basic  facts  about  the  Air  Force  safety  and  accident  prevention 
program. 

Given  a  list  of  shop  and  plant  safety  hazards,   write  the  method  of  eliminating  each 
hazard  in  accordance  with  Air  Force  directives  with  no  more  than  one  instructor  aasist. 

INTRODUCTION 

As  an  Air  Force  specialist  or  technician,  you  should  have  two  primary  alas  in  life: 
one,  to  do  a  first-class  job  in  your  assigned  duty;  the  other,  to  return  to  civilian 
life,  either  by  discharge  or  retirement,  in  as  good  a  physical  condition  as  possible.  A 
thorough  knowledge  of  the  hazards  confronting  you,  the  established  safety  rules  to 
protect  you,  and  your  observance  of  these  safety  rules,  may  determine  what  condition  you 
will  be  in  when  you  return  to  civilian  life.  In  fact,  it  could  determine  whether  or  not 
you  live  long  enough  to  become  a  civilian  again. 

INFORMATION 

This  study  guide/ worW)ook  is  designed  to  help  you  prevent  injury  or  death  to 
yourself  or  to  your  fellow  worker,  and  to  prevent  damage  or  destruction  of  Air  Force 
equipment.     This  valuable  information  will  be  presented  as  follows. 

•  ACCIDENT  PREVENTION  PROGRAM 

•  SHOP  AND  PLANT  SAFETY  HAZARDS 


EXERCISE  I-b-Ga 


INSTRUCTIONS 


1. 


Use  study  guide  AFS  54,  55,  and  5C  to  complete  the  following  statements. 
What  is  the  general  purpose  of  the  Air  Force  Safety  Program? 


2. 


What  are  the  three  causes  of  accidents? 


3.      What  are  some  ways  of  preventing  poor  housekeeping? 


PROGRESS  CHECK 


the  lre{iTul'l^^^^^^^^  feel  you  need  to  review  some  of 

tion  and  controlled  by  the  instructor.  ?o^must  Ho^^  prepared  as  a  separate  publica- 
supervision  and  complete  it  prior  to  iea^?ng  ?o^  ?Se  3ay!''°'^''^^^  ""'^^  instructor 


EXERCISE  I-G-Gb 

INSTRUCTIONS 


1. 


Using  your  notes,  answer  the  statements  below  to  eliminate  the  hazard. 
A  plant  operator  has  fallen  into  a  tank. 


A  Plant  operator  has  lost  two  fingers  because  of  moving  part  at  plant, 


3.      A  Plant  operator  became  very  sick  after  eating  lunch  in  break  area^ 


4.       The  lab  operator  has  gotten  serious  acid  burn. 


G-2 


erIc  ^5*^ 


^'      bSlomes  sick°^'^^^°  "^^^  ^         beaker  for  a  substitute  cup  and  shortly  thereafter 


6.      A  plant  worker  is  using  a  tool  that  starts  a  fire. 


7.       A  plant  operator  finds  his/her  fellow  worker  laying  face  down  in  the  chlorine  ro 


om. 


8.       An  unauthorized  person  was  looking  around  the  plant,  while  inside  the  plant  the 
person  lights  up  a  cigarette  and  causes  an  explosion. 


PROGRESS  CHECK 


You  should  be  ready  for  the  progress  check.  If  you  feel  you  need  to  review  some  of 
the  previous  instruction,  do  so.  The  progress  check  is  prepared  as  a  separate  publica- 
tion and  controlled  by  the  instructor.  You  must  do  the  progress  check  under  instructor 
supervision  and  complete  it  prior  to  leaving  for  the  day. 


SUMMARY 


o     ...  Force  maintains  a  ground  safety  program  designed  to  prevent  accidents. 

Don  t  forget  that  most  accidents  can  be  prevented.     Your  part  in  this  ground  safety 
program  is  to  become  familiar  with  the  causes  of  accidents  and  to  follow  the  rules  and 
precautions  to  prevent  them.     Some  of  the  conditions  which  breed  accidents  are  poor 
housekeeping,   horseplay,   improper  use  of  tools  and  equipment,  nonobservance  of  warning 
signs,  and  lack  of  an  adequate  fire  prevention  program.     Of  course,   there  are  many  other 
causes,  among  these  are  cases  of  personnel  working  with  unfamiliar  equipment  or 
material.     Therefore,   to  prevent  accidents,   it  is  necessary  to  know  as  much  as  you 
possibly  can  about  the  equipment  and  materials  you  work  with.     As  an  Environmental 
Support  Specialist  you  will  be  working  with,  or  near,  such  items  as  mechanical 
equipment,  electrical  equipment,   liquid  and  compressed  gases,  acids  and  possibly  even 
radioactive  materials.     Take  the  time  to  learn  as  much  as  you  can  about  these  things. 
Air  Force  manuals,  pamphlets,  technical  orders,  and  commercial  texts  are  available  for 
you  to  learn  this  material. 


RKFEUKNCES 


AFR  127-12,  Air  Force  Occupational  Safety  and  Health  Program 
AFOSH  STD  127-66,  General  Industrial  Operations 
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CORROSION  CONTROL 

OBJECTIVES 

Using  information  pertaining  to  corrosion,  list  the  causes  and  types  of  corrosion. 
Five  of  eight  must  be  correct. 

Identify  the  three  methods  used  to  control  the  corrosion  process. 
INTfiOnuCTiON 

Corrosion  is  the  process  of  metals  changing  back  to  their  natural   state.  Corrosion 
is  essentially  the  same  in  all  metals.     However,  the  rate  of  corrosion  will  vary  with 
different  types  of  metal,  and  more  so  in  different  environments.     Therefore,  corrosion 
can  be  defined  as  the  deterioration  of  metals  as  a  result  of  an  unfavorable  environment. 
This  study  guide  will   discuss  the  basic  causes  of  corrosion,  types  of  corrosion,  and 
methods  of  preventing  corrosion  under  the  following  main  topics. 

•  THE  CORROSION  PROCESS 

•  TYPES  OF  CORROSION 

•  PREVENTION  OF  COKROSION 

This  study  guide  will   not  contain  all  the  information  you  need  to  know  about 
^^""Kf^iJ""*     Therefore,  research  of  the  reference  material  at  the  end  of  this  study  guide 
IS  highly  recommended.  ^^^^y  euxuc 

The  Corrosion  Process 

We  already  know  that  corrosion  of  metal  is  deterioration  which  is  the  result  of  an 
unfavorable  environment.     We  need  to  know  what  causes  some  of  these  unfavorable  environ- 
ments. 

For  many  years  there  seems  to  have  been  little  thought  regarding  the  causes  of 
corrosion,  even  though  a  tew  observations  were  made.     Due  to  the  results  of  these  obser- 
vations many  in-depth  studies  have  been  made  in  the  last  few  years.     From  these  studies 
it  has  been  found  that  the  control  of  corrosion  is  a  big  factor  in  the  operation  of 
water  and  waste  systems.     Corrosion  on  utility  systems  can  interfere  with  the 
accomplishment  of  the  base  mission  since  it  will  cause  plants  to  be  shut  down  for 
repair.   It  has  been  found  by  the  National  Association  of  Corrosion  Engineers  that 
corrosion  will  cause  losses  of  more  than  6  billion  dollars  per  year.     The  Air  force 
share  of  this  huge  cost  runs  into  several  million  dollars  per  year.    This  shows  the  need 
lor  an  effective  control  program.     Such  a  program  cannot  do  away  with  all  corrosion,  but 
it  can  reduce  it  by  a  high  percentage. 

c.rrol?!"'"^^^^'"^.^?*  ^^"^^^  corrosion  so  that  you  can  control  it. 

corrosion  is  the  deterioration  of  metal   in  the  process  of  returning  to  its  natural 
state.  It  will  change  into  a  different  substance.     An  example  is  the  rust  on  iron  The 
iron  goes  through  a  change  or  chemical  reaction.     The  change  from  iron  to  iron  oxide 
(rust)  is  the  process  of  iron  changing  back  to  its  natural  state.     If  you  could  collect 
enough  iron  oxide  it  could  be  refined  into  iron  once  more.  coiieci 

This  deterioration  of  metal   known  as  corrosion  takes  place  in  one  of  several  forms 

fo'^^  Of  '^'•^  llT        "^^^  ^"  ^^i^  The  most  common  ?ypes  or 

forms  of  corrosion  that  you  will   see  in  the  water  and  waste  field  will  be  either  the 
Chemical  or  Electrochemical   type.     These  two  types  or  forms  of  corrosion  are  caused  by 
the  flow  of  electrical  energy  from  one  point  to  the  other. 
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elect^icll  ene%\y^'but  ^'n'^'os^'^L^L'^Tor""  'Tl  °^  ^^'^  knowledge  of 

currents.  ""^^  '^^^^^         ^"°"eh  for  a  good  understanding  of  corr^ion 

All  metals  have  an  electrical  potential  voltat-e      Thi«  ic        *u  * 
energy.     it  might  be  said  that  this  energy  is  trvine 'to  Jn  nn  f        ^^^Jorm  of  stored 
metals  are  joined  in  the  presence  of  an  eLrtrn^^^i^.        .      ^  P^^*"®  *°  two 
will  conduct  electricity)  thl  o^e  wfth\hi  h?!^^^^  (any  liquid  or  moist  substance  that 
the  metal  that  has  JSJ  loweJ  po^entJa!.  ^  ^ives  up  electrical  ions  to 

favorlSL'  e"erronmi;?1:rt'h\^'m:tf!'?h\^*JL'         JL'h  °J  ^-olved.  creates  a 

order  of  potential  of  th^  riiff^lllt  ^^^1^^^^  the  highest  potential  to  corrode.  The 

Force  Serr^srSJtlhoI:  tn'^trure  '^r^K'sieed''  f'""'^  '^ (Electromotive 
amount  of  separation  of  the  me;f?s  il  Jhe  e'S J^'Sr^L'^^^Th^      is  determined  by  the 
read  the  potential  in  the  right  column  of  the  s^rJIs  chart      Ih^r^f^^  ^^^h  ^^'^ 
separation,  the  greater  the  chance  for  a  corrosion  Jo' exist  ' 

potential  is  caused  by  the  atomic  s^Ju^Sre  Sf  Jie'mela!,  '°  electrical 

ELECTROMOTIVE  FORCE  SERIES  CHART 
Anodic  End  or  Most  Corrosive 


METAL 

MAGNESIUM 
ALUMINUM 
MANGANESE 
ZINC 

CARBON  STEEL 
CAST  I HON 
LEAD 
HYDROGEN 
TIN 
BRASS 
COPPER 
BRONZE 
MEllCURY 
SILVER 
GOLD 

Cathodic  End  or  Least  Corrosi 


ELECTRICAL  POTENTIAL 

-  2.37 

-  1-66 

-  1.18 

-  0.76 

-  0-71 

-  0-62 

-  0-13 
0-00 

+  0-15 
+  0-20 
+  0-34 
+  0-47 
+  0-79 
+  0-80 
+  1-68 


ve 


Figure  7-1-     Electromotive  Force  Series  Chart 

Have  ;i1L^?en^■^;:c^i\°:l^":^e"^„.^.^-  -  dnff:?inTJi:e?ro^j;?;3f"  -^^^^ 

from  tTe  a^nocle  S^'thrcarhodel'thrpoTnrilti  Jhe'r^"  T  ^"""^"^  ^^o* 

Will  carry  metallic  ions  witS  it  and  ^Lse  tSe  ^etaW^  potential);  this  current  fj«w 
known  as  galvanic  corrosion      vl  d^Zr.?,lll^  lu  *°  "^^^^  The  process  is 

this  lesson;  the  samrbasic  princJJ^e  tS  l.t  d?^'"''^  °5  electrical  energ?  .arUer  in 
electrochemical  (galvanicfaf^acJ  corrosion        '^^^'^"^^^^  ^'^^  -PPl^  to  all 

Will  I^P^y  ?o\JreL";.:?oc\°e^r?af c\%;o\°r^n^^^r?sf'=  ^""^"^^  ^^-^ 

1.  Where  the  electrical  current  leaves  the  metal  (anode)  it  corrodes. 

2.  Where  the  electrical  current  enters  the  .etal  (cathode)  it  is  being  protected. 
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These  rules  can  be  applied  to  all  galvanic  conditions.  For  a  better  understanding 
of  a  galvanic  corrosion  cell,  let  us  use  a  dry  cell  battery  as  an  example.  The  dry  cell 
battery  has  a  cathode  (carbon  rod),  anode  (zinc  can),  electrolyte  (salmonic  paste),  and 
an  electron  path  (the  connection  between  the  cathode  and  anode) •  This  electron  path  is 
not  completed  until  the  battery  is  installed  for  operation.  All  dry  cell  batteries  are 
built  with  these  parts  and  all  galvanic  corrosion  cells  will  have  these  same  parts.  See 
figure  7-2  for  an  example. 

When  the  connection  is  made  between  the  two  terminals  of  the  battery  the  ions  start 
to  flow,   this  is  called  current  flow.     This  flow  will  continue  until  you  break  the 
connection  or  the  anode  is  completely  eaten  up  or  displaced. 
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SALAMONIC: 
PASTE 
ELECTROLYTE 


^SEALED  TOP 


-  ZINC  CONTAINER 
(  ANODE) 


BLOTTING  PAPER 


Figure  7-2.     Dry  Cell  Battery 

Electrochemical  reaction  means  that  a  chemical  change  and  an  exchange  of  electrical 
energy  take  place  at  the  same  time.     Thus,  when  corrosion  occurs,   there  is  a  current 
flow  from  the  corroding  portion  of  metal  into  the  electrolyte  or  conductor,  such  as 
water  or  soil. 

The  current  flow  from  the  metal  takes  particles  of  metal  with  it.     The  charged 
particles  are  called  ions.     As  the  metallic  ions  are  dissolved  in  the  electrolyte,  tliey 
are  exchanged  for  hydrogen  ions,  which  flow  to  the  cathode  and  tend  to  deposit  a 
hydrogen  film  on  the  cathode.     The  metal  particles  carried  from  the  parent  metal  are 
usually  changed  to  oxides  as  they  move  into  the  electrolyte  and  are  deposited  as 
corrosion  products,  most  often  near  or  on  the  anode.     In  the  case  of  steel,  these  oxides 
form  rust. 

There  are  several  ways  in  which  a  galvanic  cell  may  be  formed.  Wo  have  already 
discussed  the  dry  cell  battery  type.  Another  type  of  corrosion  cell  is  one  with  two 
metals  and  one  electrolyte  as  shown  in  figure  7-3. 


EKLC 


IRON  OR  STCEL  PIPE 


BRASS  OR  COPPER  FITTING 


ELECTROLYTE 


CATHODE 


CORROSION  CURRENT 


Figure  7-3.     Corrosion  Cell 
In  the  above  example  the  iron  or  c:tppi  thot  u^^.         1,4  .  - 


ANODIC  AREAS 


ELECTROLYTE 
H  -0 


CATHODIC  AREA 


FRESH  THREADS 


PIPE  WRENCH  CUTS 


Figure  7-4.     Galvanic  Corrosion  Cell 

the  pJSe!1urtr?hrdiss!mnar^      oft^e"^::""""'.""'"  ^"^""^^  remainder  of 

metal.     These  bright  spots  r^sffLr^ode)  aTa'h l^h f "  ^^^'^ 
at  that  point.  ^  ^^s^  (corrode)  at  a  high  rate,  and  cause  the  pipe  to  be  weak 

Chemical  Attack 

b,  l.J^e"a^:„„%rS?  tLltZtirsJ'T.  -  ---^ 

on  a  piece  of  iron,  you  can  see  it  hr^i^     H^^t        i    T  ^^^^^  ^  *'^°P  °^  stronc  acid 

see  the  pits  or  ho  es  le5t  in  the  r.e?a  'bv  tSfchemfor?  T.^^t^ 

will  resist  Chemical  attack  bv  ^M d    hn'-^^  ?      chemical  attack  of  the  acid.     Some  metals 

Almost  all  .netaTs'jJirSaee  somrre^cJi^n^w    h'e"her  ?he'acL*r  '° 

will  be  affected  by  both.  either  the  acid  or  the  alkali  and  some 


sDillJef    nl^l     I  ll^^^^  °^  "^"^^^  ^^'^^  Pl^'^^  industrial 

spillage.  Both  of  these  would  cause  an  unfavorable  environment 
tho  amount  and  rate  at  which  corrosion  will  spread  ^r°'»"'ent 


waste  or  by  chemical 
because  they  increase 
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Chemical  attack  corrosion  can  be  stopped  most  of  the  time  by  preventing  chemical 
spills,  venting  chemical  fumes  away  from  equipment,  or  by  using  equipment  built  of 
materials  that  will  not  be  harmed  by  chemical  attack.     Generally  any  measure  that  will 
eliminate  the  unfavorable  conditions  will  slow  down  chemical  attack  corrosion. 

Bacteriological  Type  of  Corrosion 

This  is  a  type  of  corrosion  which  is  caused  by  the  electrolytic  or  galvanic  cell 
action  of  biological  organisms.     By  definition,  bacterial  corrosion  is  the  deterioration 
of  metals  by  corrosion  processes  which  occur  as  a  result  of  the  activity  of  bacteria  in 
water  or  soil.     The  organisms  which  cause  bacterial  corrosion  are  bacteria,   sl^me.  and 
fungi. 

Microbiological  Corrosion 

Microbiological  corrosion  action  in  the  soil  is  due  to  physical  and  chemical 
changes  of  the  soil  by  bacteria.     Some  types  of  aerobic  bacteria  produce  galvanic  ce'^s 
These  cells  are  produced  by  variations  of  oxygen  in  the  soil  (differential  aeration)  r 
the  loss  of  the  hydrogen  film  over  the  cathodic  areas  (depolarization). 


Anaerobic  bacteria  are  responsible  for  the  reduction  of  sulfate  salts  into  sulfide 


ably  between  the  different  seasons  of  the  year.     Cast  iron  and  steel  piping  will  rust 
due  to  sulfide  production. 

Prevention  of  Corrosion 

Since  we  have  discussed  some  of  the  causes  and  types  of  corrosion,  now  let's  cover 
the  most  important  aspects  of  corrosion.     That  is  the  control  of  corrosion. 

In  a  given  situation,  corrosion  may  ^nve  one  cause  or  many.     Therefore,  control 
measures  must  be  planned  to  meet  the  spe        c  condition. 

Designing  Against  Corrosion 

Two  steps  are  used  in  the  general  design  to  stop  corrosion:  (1)  Use  features  that 
cause  less  corrosion  from  the  start;  (2)  Design  plants  that  make  it  easier  to  fight 
corrosion  in  the  plant.  Good  design  will  use  the  least  corrosive  materials  for  a  given 
en^'ironment.  Among  light  metals,  aluminum,  magnesium,  and  cadmium  are  best;  heavy 
metals  include  cast  iron  and  lead.  Metals  such  as  copper  and  bronze  are  more  corrosion 
resistant,  than  the  iron  based  metals.  In  many  cases  nonmetallic  materials  may  be  used 
in  place  of  metal. 

Where  possible,  use  the  same  metal  in  the  whole  system  to  stop  the  action  caused  by 
dissimilar  metals.     When  you  must  use  dissimilar  metals,  use  those  as  close  together  on 
the  electromotive  series  chart  as  possible.     The  closer  two  metals  are,  on  the  E.M.F. 
series  chart,   the  slower  the  rate  of  corrosion.     See  figure  7  for  the  E.M.F.  series 
chart.     The  top  of  the  chart  is  the  most  corrosive  metals  and  progresses  to  the  least 
corrosive  metals  at  the  bottom  of  the  chart. 

EXERCISE  I-7-7a 

INSTRUCTIONS 

Use  SW  J3ABR56631  000-1-7  to  complete  the  following  statements. 
1.       What  is  corrosion? 


2.      What  is  the  most  common  type  of  corrosion? 


EKLC 


3.      What  are  the  four  requirements  needed  for  galvanic 


LC  corrosion  to  occur? 
a. 


b. 
c  • 
d. 


4.      How  can  galvanic  corrosion  be  prevented? 


5,      Name  the  four  types  of  corrosion  that 


appear  on  iron, 
a. 


b. 
c. 
d. 


6.      Explain  how  painting  protects  metal  objects  from  corrosion. 


7.       In  what  portion  of  a  galvanic  cell  does  corrosion  occur? 


8.       What  is  the  meaning  of  EMF? 


9.  When 


connecting  a  brass  fitting  to  a  steel  pipe,  which  is  most  likely  to  corrode 
first? 


PROGRESS  CHECK 

You  should  be  ready  for  the  progress  check,     if  vou  feel  vnn  n^^H  +^ 
the  previous  instruction,  do  so.     The  progress  check        nr^nJ^n  ^  ""^^^^^  ^"""^ 

tion  and  controlled  by  the  instructor  ?ou  mn«t  H^^nf  ^^^^^^^^  a  separate  publica- 
supervision  and  complete  it  p^iJ^to  ieav?SgTr  JSe  S^y!^'^"'"""  instructor 

INFORMATION 
Cathodic  Protection 

Another  method  used  to  stop  or  slow  down  rorrnc^r^n 

becomes  negative  (cathodic)  to  its  surroundinns?    Sith  ?hrs  in  mi'nH  ^  ^'^^^ 
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THEORY  OF  CATHODIC  PROTECTION 


If  the  flow  of  current  between  the  cathode  and  the  anode  can  be  stopped,  or  its 
direction  changed,   in  theory,   the  metal  will  not  corrode.     In  cathodic  protection,  the 
current  flow  is  slowed  down  by  passing  a  current  through  the  electrolyte  to  the  metal  to 
be  protected. 


METHODS  OF  CATHODIC  PROTECTION 

The  use  of  sacrificial  anodes  is  one  means  used  to  cause  current  flow  (galvanic 
method);  the  use  of  an  impressed  current  is  another  means, 

Spcrificial  Anode  System 

To  get  cathodic  protection  by  the  sacrificial  anode  method,  a  metal  that  is  more 
prone  to  corrosion  than  the  one  being  protected,   is  put  in  the  electrolyte  and  connected 
to  the  object.     Current  will  then  flow  from  the  more  anodic  or  corroding  metal,  through 
the  electrolyte  to  the  metal  for  which  there  is  a  need  to  be  protected.     The  connection 
between  the  two  objects  makes  the  circuit,  and  lets  the  current  flow  to  the  corroding 
metal.     The  corroding  metal  is  the  anode  of  this  dissimilar  metal  cell,  and  the  metal 
which  needs  protection  is  cathode.     The  position  of  the  metals  in  the  electromotive 
series  determines  which  way  the  current  will  flow.     The  current  from  the  sacrificial 
anode  is  strong  eno^lgh  so  that  no  current  will  leave  the  metal  that  needs  protection. 
Since  the  cathodic  protection  currents  flow  from  the  electrodes,   they  act  as  sacrificial 
anodes  and  will  be  destroyed  in  time.     The  protected  metal  is  cathodic,  or  negative  to 
its  surroundings,  until  the  sacrificial  anode  is  completely  destroyed. 

Metals  such  as  magnesium  and  zinc  which  are  higher  on  the  electromotive  series 
chart  have  been  found  to  be  very  good  sacrificial  anodes  when  used  with  iron.     Iron,  on 
the  other  hand,   is  an  anode  when  used  with  copper.     For  large  structures  or  pipe 
systems,  cathodic  protection  by  the  galvanic  method  is  not  economical  and  a  direct 
current  must  be  used. 

Impressed  Current  System 

To  get  protection  by  the  iiipressed  current  method  of  cathodic  protection,  direct 
current  from  a  source  such  as  a  wet  or  dry  cell  battery,  rectifier,  or  generator  must  be 
used.     The  positive  side  of  the  circuit  is  connected  by  an  insulated  wire  to  the  iron, 
carbon,  or  graphite  electrodes  buried  near  the  structure.     If  it  is  a  water  tank,  the 
electrodes  will  be  in  the  water.     The  negative  side  of  the  circuit  is  connected  to  the 
structure.     The  power  source  is  used  to  force  the  current  through  the  ground  (or  water) 
to  the  structure  and  then  back  to  the  power  source  through  the  negative  terminal.  This 
current  stops  the  normal  flow  of  galvanic  current  from  the  structure.     Figure  7-5  shows 
this  form  of  protection. 

EQUIPMENT  PROTECTED 

Cathodic  protection  is  limited  in  application  and  it  cannot  be  used  to  stop  corro- 
sion in  all  situations.     For  instance,   the  outside  surface  of  a  buried  pipe  can  be 
protected  cathodical ly ,  but  not  the  inside  of  the  pipe.     In  an  elevated  storage  tank  or 
ground  storage  tank,   only  the  inside  surface  that  is  submerged  will  be  protected.  The 
outside  of  the  tank  is  prot«?cted  from  atmospheric  corrosion  by  paint  or  other  coatings. 

Buried  Pipelines 

Buried  pipelines  are  most  commonly  protected  by  use  of  the  impressed  current.  It 
js  necessary  to  force  the  current  into  the  soil  and,   through  it  to  the  pipeline  being 
protected  and  then  send  it  back  to  the  source. 

The  best  way  to  do  this  is  to  bury  scrap  metal  or  carbon  rods.     See  Figure  7-5. 
The  current  flow  gives  complete  protection  depending  on  many  different  factors  such  as, 
pipe  coating,  area  of  exposed  metal,  soil  resistance,  metal-to-soil  potentials,  poten- 
tials of  anodic  and  cathodic  areas,  and  the  kind  of  metal  in  the  structure.     The  main 
factor  of  these  is  the  amount  of  metal  that  is  exposed.     For  example,  on  a  mile  of  baro 
12-inch  pipe  with  about  18,000  square  feet  of  metal  surface,   100  to  150  amperes  of 
current  might  be  necessary  for  good  protection. 

erIc 


used,   the  extern^a  cu^reSt   -s  aSp^fer'  Jnin  the  0?^^""^^  cathodic  prelection  is 

minus  0.8  volts.  This  irch'JcKd  «i  h  riiJ?™  Pipe-to-soil  potential  droj  to  at  least 
ceil.    When  the  .ro^^rnf^::^^^^^^  Jil l%rKaMn:duS^Jf ^^^^ 


Figure  7-5.     Cathodic  Protection  of  Buried  Pipeline  Using 
External  Power  Source 


Steel  Water  Storage  Tanks 

Cathodic  p 
in  steel  tanks. 


eer?fiL'''"°JhisS''«  ti^^^  corrosion  by  the  flow  of  direct  current  to  the  tank  wall 
eel  tanks.     This  is  the  re- erse  o£  current  flow  that  is  caused  by  corrosion  The 
equipment  used  will  include  a  rectifier  to  change  an  AC  source  of  power  ?o  S?  c^ntJo? 
^tn^e^?'  ^"^  electrodes  hung  from  the  roof  of  the  taSJ  and  ?nto'tSe  Ser 

The  electrodes  are  not  connected  to  the  tank  bottom.     The  circuit  is  completed  from  Jhe' 

miTu«m2ere"''°"^^  *f      '2  ^^"'^^     ^""^"^  ^^"^^^  must  be  aboS^  5?0  ^ 

milliamperes  per  square  foot  of  bare  metal;   less  if  the  metal  has  a  coat  of  nnim-  «n  s  ^- 
It  is  essential  that  the  electrodes  be  hung  at  different  levels  throughout  the  tank  tj 
maintain  adequate  protection.     It  may  be  necessary  to  hang  the  electrodes  in  a  rirriJ  in 

tank.^  ^jTi^'jTti.  .e1hl^^^rl^wa^^e\^?i\Ti^^f"^i^ro^r"f:^l^^^-?h°^ 

reason  that  the  entire  interior  of  the  tank  must  have  a  good  coat  of  paint. 

MAINTENANCE  OF  CATHODIC  PROTECTION  SYSTEMS 
Impressed  Current  System 

f^r.ru  "l"^"  impressed  current  system  is  in  operation,   note  and  write  down  the  current 

V^T  l""  the  meters.     If  there  is  no  current,  check  the  fuse,   elect?o3es  groJJd 
wire  to  tank  or  pipe,  and  immersion  of  the  electrodes.     Check  polarity  and  d^^ec^Jon  of 
t^n^win't^ke  HIT  '^^""^'^"^"^  *°  rectifier  are  reverseS,   rapid  damage  Jo  thS 
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Check  the  records  and  other  data  to  be  sure  electrodes  are  covered  with  water. 
Keep  enough  water  in  the  tank  to  cover  the  electrodes. 

Check  deterioration  of  electrodes.     The  amount  of  corrosion  will  increase  as  the 
size  of  the  electrodes  decrease.     Replace  electrodes  that  are  badly  corroded.     Watch  for 
a  reduction  in  current  flow  which  is  a  sign  of  a  worn  or  failing  electrode,  (sacrificial 
anode) • 

Protect  the  electrodes  in  elevated  storage  tanks  from  ice,  which  may  damage  t.iem  or 
tear  them  from  their  mounts.     If  ice  is  a  problem,   the  only  way  to  protect  them  is  to 
take  them  out  when  it  is  cold;  put  them  back  in  at  the  end  of  the  cold  weather. 

To  test  the  equipment,  drop  the  water  level  and  remove  the  paint  from  a  spot  on  the 
w^ll.     Check  this  spot  every  three  months  to  see  if  the  protection  is  good. 

.  Prevention  of  Corrosion 

Since  you  know  that  the  requirements  for  a  corrosion  x:ell  are  an  anode,  a  cathode, 
an  electrolyte,   and  an  electrical  path,   it  is  apparorit  that  to  stop  corrosion,   it  will 
be  necessary  to  take  away  one  of  the  requirements.     Methods  used  to  do  this  are  as 
follows : 

1.  Use  only  corrosion  resistant  materials. 

2.  Do  not  mako  galvanic  cells  by  connect! p. diss j njl J.ar  metals,   such  as  iron  and 
copper,  together. 

3.  Use  insulated  couplings  when  such  coui.  Ungs  n^u -t  be  made,   to  break  the  path  of 
electron  flow. 

4.  Do  away  with  the  electrolyte. 

5.  Use  cathodic  protection  to  do  away  with  all  anodic  areas. 

6.  Paint  the  equipment  to  stop  the  electrolyte  from  contactir^  the  .surface  of  the 
metal. 

Of  all  the  mei:hods  used  to  stop  corrosion,  the  one  most  used  and  tlio  most  practical 
way  to  stop  corrosion  is  paint  or  some  other  type  of  coating. 

There  are  many  types  of  coatings  used  for  this  purpose.     Asphalt,  coal  tar, 
plastic,  mastic,  grease,  and  concrete  are  a  few.     These  are  insulating  materials,  and 
are  used  to  insulate  or  isolate  the  metal  from  the  electrolyte  and  stop  corrosion. 

All        these  coatings  are  not  t,ood  for  all  environments,  but  each  one  can  be  used 
for  certain  types  of  corrosion  environments.     The  list  below  shows  some  of  the  coatings 
and  their  uses. 

Metallic  coatings,   such  as  zinc  galvanizing  is  effective  in  protecting  metallic 
structures  or  pipe  "^rom  atmospheric  type  corrosion.     This  type  of  coat  is  for  cold  water 
lines  and  metals  that  are  exposed  to  normal  temperatures.     However,  at  hipli  tc^mpcra- 
tures,  metals  such  as  iron  will  rust  rapidly.     The  reason  for  this  is  that  at  a 
temperature  of  approximately  140*F,   iron  becomes  anodic  to  zinc.     This  will  cause  the 
iron  to  become  the  sacrificial  anode  which  rusts  readily^ 

Portland  cement  coatings  have  been  used  with  success  when  used  on  pipes  to  be  laid 
in  corrosive  soils  such  as  areas  that  have  acid  mine  drainage  or  in  a  salt  marsh.  Well 
mixed  port  land  cement,  of  about  a  1  to  2  mix  is  applied  to  a  pipeline.     Tlie  coat  of 
cement  may  be  up  to  two  inches  thick.     If  the  cement  is  properly  mixed  and  tamped  around 
the  pipe,   it  may  last  for  forty  years.     However,   cement  will  absorb  moisture  and  crack, 
in  many  ways  this  will  limit  its  use.     In  fact,  where  the  cement  cracks,  electrolysis 
will  start  to  corrode  the  material.     This  corrosion  can  be  reduced  by  painting  tlie  pipe 
with  ft  bituminous  primer  before  coatiag  or  by  grounding  the  pipe,  and  by  filling  cho 
cracks  witli  asphalt  or  coal  tar. 


vinyl 
corrosion . 


stop  cSr^o^s^^^"%:?Sn^^??ie'n?  ^tZ'lri'^'^r^  °"  P^P-  to 

process  known  as  the  centerline  proceis      Th!s  "f^'^  °"  ^he  inside  of  pipes  by  a 

coating  the  interior  with  a  layef  orconcrefe      She  ^^^^^"^"6  ^he  pipeline  and  ^ 

diameter  cf  four  inches  or  more.  concrete.     The  process  can  be  used  on  pipe  with  a 

a  pet^o^ei:  b\°:e"a°n^ 'loo°s°'??L'L^'  °'l?°ca"°t"fr .  ^^^^  e  is  .ade  fro. 

must  bo  protected  by  some  type  of  J;apJLr?o  L^n^^;^'^  ^''^^^  °^  however,  it 

backfill  soil.  °    "'^^^PPine  to  keep  the  grease  from  being  absorbed  by  the 

Asphat?^£a":  ^oltJSi  arf^d-^JS  ^pe^^r^Lu'^  XeTe'l  %T°^  ^^^^  °^  -ed. 
and  temperature  ciiange  without  creatine  a  cor; oc^iJr    ^f!!"^^  "^^^  ttfke  a  lot  of  abuse 
type  absorbs  water  and  dissolves  to  form  .r^l.^'^.V^^^^i""-     However,  a  coat  of  this 
asphalt  coats  are  more  eKpensive  than  coal  tij.  Products.     Some  types  of 

that  t"se'?;.??;^r!Lr!o„iL"°^L°rrhi;rco„"-„„°;tf ■'K  r"''-  "  --^^ 

impact  resistance,  a„.  a  .iae  ^.a^'e'Sl  ^Ser™?;?! '.SroJt'ef  ^LSI'tSe'luJ^a'ce'^t?""- 
\"re"j"sfT?e»\J"?hena"„?s^s%"r:^  c\°a't"°ffal 

slon.  ^  to  coat  metal  surfaces  to  protect  them  from 

water?°this'%%s'^st\'\L\\roi;ticV:a^?[on°'  the  effects  of 

control  structures,  sewage  .Llls.r.lllVs ,  aSd^InSui^^LrcoLMtrpf^s^!' 

Asphalt  based  paint  is  weather  rpc:ic+<,n+  »  ^  ^ 
condensation,  and  sunlight    since  it  h^^  ^^?  u  ""^^^^t  industrial  fumes, 

tanks  and  coAcrete  reiefJoirl  ^  resistance  to  water,   it  is  used  on  steel 

acids«"^?k\^i1r'sr?Js:\f?:SoK  ^\%rS;e^°^Jo1ucS^^^  ^f^  ^^^--t  to 

these  products  makes  tiis  type  of  coaJiJg^ooS  Jor               '.h°T°'^  Resistance  to 

concrete  tanks.     if  these  structures  are  built  in  Jf2  °"  ^^"^  °^  "^tal  and 

form  Of  this  paint  must  be  used  to  light  coidensatloJ      °"  ^""""'^ '  ^  ^P^^^i^l 

drie:\"o^^'jnmX"t'^t^?ou°ran°d  ^esis^^aJt^^o^'Kct  T'i  ^^^"^^^     ^'^^  P^^-t 

oil.  fat.  wax.  alcohol,  net^oleum  ^oT;:::""  .".Zr.''^''?'^^^^-     The  film  is  not  harmed  bv 
hydroxide,  and  phenols.     This  makerit  eood  fZ  '  T^^"^'^  ^'^^'^^^  amonium 

off-shore  drilling  rigs,  pipes  Jn  ^he  ofrfnJnL"^^  on  tanks,  pipes,  well  heads, 

.ni  Se-po-"^f— -ta°r  ^T^^l^^i^^  Sl\n^J\\e^%-  -  ^  " 

direct^~iJS/L'^;;r;alk^oJ  rJh°::i^^™^-  -°--^ve  coating  fails  in 

the  surface  is  clean  to  be  sure  that  the  pajnt  win  stick.  important  that 

The  surface  preparation  methods  fall  into  three  h=cir  n^ 
mechanical  surface  preparation    chemioni  ^virf^r.  ^    classes  as  follows: 

degreasing.  Paration.  chemical  surface  preparation,  and  solvent  cleaning  and 

Mechanical  Surface  Preparation 

areaJ.'^"?hf  c^e^nfnrirdoSriira^Jijrrruir^Lnd'^        ""^  -  ^-^^ 

and  hammers.     Hand  cleaning  Is  for  tJ^Lst  Di;t  .!sL^trf\^"^r''^'  chisels, 
film,  and  caked  soil.  P'''^*  "''^'^  to  take  off  loose  acalo.  paint 


7-10 


ERIC 


Power  cleaning  works  better  than  hand  cleaning  on  largo  areas.     Power  tools  may  be 
pneumatic  or  electric  grinders,  sanders,  and  brushes  which  can  take  off  corrosion  down 
to  the  bare  metal.     You  should  remove  oil  and  grease  with  a  solvent  before  you  clean 
with  tools  to  stop  the  spread  of  these  products  over  the  whole  surface. 

Sand  or  shot  blasting  is  a  mechanical  means  used  to  take  off  mill  scale,   rust,  and 
rust  scale  doww  to  the  base  or  white  metal.     The  process  involves  abrasives  shot  under 
high  pressures  against  the  surface  of  the  metal  to  be  cleaned.     For  best  results,  the 
surface  should  be  primed  immediately  to  stop  corrosion  on  the  crater-like  surface 
depressions,   ridges,  or  metal  '  -lirs  caused  by  sand  blasting. 

F^ame  cleaning  is  another  way  to  clean  surfaces  and  is  used  where  it  will  not  cause 
a  problem  if  the  surface  works  or  dries  out.     Flame  cleaning  is  used  to  take  oif 
unbonded  mill  scale  and  old  mill  scale  which  had  not  been  painted.     A  flame  cleaned 
Guriacc  muot  have  paint  on  it  before  it  is  affected  by  condensation,   this  is  generally 
done  within  two  hours  after  flame  cleaning  while  the  metal  is  still  warm. 

Chemical  Cleaning 

The  second  methcd  Vied  to  clean  a  surface  is  by  the  use  of  chemicals.  Chemicals 
will  include  alkali.  sx:y-rl,   steam,  and  phosphates. 

In  the  alkali  tre^-^ment,  a  strong  alkali  is  used  to  take  off  oil,  grease,  and  some 
types  of  rust.       H '4  i  does  not  take  off  heavy  or  carbonized  oils,  or  rust  inhibitive 
oils.     The  surface  -iraoit  be  neutralized  with  a  weak  acid  so  that  the  alkali  does  not 
attack  the  primers,   after  the  alkali  treatment  has  been  used. 

Acid  pickling  is  another  type  of  chemical  treatment  of  netal  surfaces.     A  weak  acid 
such  as  a  diluted  muriatic  acid  is  K*sed  on  grease  free  iron  or  steel  to  take  off  all 
mill  scale  and  corrosion.     Weak  pliOsphorie  or  chromic  acid  is  used  soon  after  the  acid 
cleaning  to  protect  the  surface.     ''%«;n  t^ie  surface  is  dry,  a  protective  coat  of  paint  is 
put  on  to  give  a  more  permanent  cont  u*^  ^/le  surf»'*e. 

Steam  can  be  used  to  take  off  dlti.  gri!n&,  grease,  and  loose  paints,   but  it  does 
not  take  off  rust  or  mill  scale.     iOetei^gent  steam  cleaning  has  been  used  with  good 
success  to  take  off  grease.     After  steam  is  used,   the  surface  is  rinsed  so  that  the 
alkali  on  the  surface  does  not  attack  the  prime  coat. 

The  phosphate  treatment  is  a  chemical  process  used  to  treat  the  surface  with  an 
insoluble  metal  phoL^phate  which  will  give  long  life  to  the  paint  used.     The  surface  must 
have  been  treated  by  some  means  to  take  off  the  corrosion  prior  to  the  phosphate  treat- 
ment, since  the  metal  phosphates  have  no  effect  on  corrosion.     These  phosphates  give 
long  life  to  the  paint  film  b)   imprr  '  ng  adhesion,  retarding  underfilin  corrosloa, 
reducing  electrochemical  reaction,  aud  reducing  the  decomposition  of  the  paint.  This 
treatment  can  be  put  on  by  immersion,  with  a  brush,  or  with  a  spray.     Care  must  be  used 
when  the  chemical  methods  are  used  for  cleaning,  since  some  of  the  chemicals  are 
hazardous. 

Solvent  Cleaning  and  Degrcasing 

The  third  method  used  to  ciean  a  surface  is  the  solvent  cleaning  and  degreasing 

method.     Solvent  cleaning  is  used  to  dissolve  oil  and  grease  but  does  not  take  off  rust, 

mill  scale  or  corrosion.  The  fire  hazard  and  toxicity  of  solvents  must  be  observed  when 
this  type  of  treatment  is  used. 

Application  of  Protective  Coatings 

Technical  Order  1-1-8  deals  with  application  techniques,   paint  oquipment,  surface 
preparation,  and  a  discussion  of  individual  coatings.     To  provide  the  best  protection 
for  corrosion,   the  best  treatment  (combination  of  pretreatment ,   primer,  and  topcoat) 
must  be  used  for  each  specific  case. 

The  selection  of  the  best  treatment  will  depend  on  the  material  to  be  coated,  the* 
environment  to  which  the  item  will  be  subjected,  and  the  service  life  requirement  of  tli<^ 
coating.     No  one  coat  or  coating  system  can  work  best  in  all  cases.     For  example,  a 
phenolic  paint  which  meets  Specification  MIL  P-12507  is  good  for  water  immersion  or  whc?ii 
the  humidity  is  high,  but  poor  for  exposure  to  an  industrial  atmosphere. 
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Force  Technical  order  I'-l^H  ^^.7us.'t:.{y  covermost'Air""  systems  presented  in  Air 

EXERCISE  I-7-7b 

INSTRUCTIONS 

Use  SW  J3ABR56631  000-1-7  to  complete  the  following  statements. 
1.       What  are  the  two  systems  used  in  cathodic  protection? 
a . 
b. 


2.       Identify  thrae  items  that  can  be  protected  by  cP,thodlc  protection, 
a . 


b. 
c . 


3.       Where  can  cathodic  protection  be  used? 


4.       What  is  the  most  important  step  in  applying  protective  coatings? 


5.       In  a  galvanic  cell  wDich  metal  would  have  the  highest  electromotive  force,  the 
anode  or  the  cathode? 


6.      What  kind  of  su^^iace  preparation  is  sieam  cleaning? 


7.       Whut  is  the  most  co^Moniy  used  protective  coating  today? 


8.      What  factors  determine  the  selection  of  the  proper  coating  of  a  metal? 


9.       Wh^.i  is  the  purpose  of  cathodic  protectio 


n? 


lu.     In  which  direction  must  the  current  flow  in  oraer  to  protect  the  metal? 
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11.     How  often  1s  the  interior  of  a  water  tank  checked  for  cathodic  protection? 


12.    What  is  the  copper-copper  sulfate  half  cell  used  for  in  cathodic  protection? 


13.     How  is  the  inside  of  the  riser  on  an  elevated  storage  tank  protected? 


You  should  be  ready  for  the  progress  check.    If  you  feel  you  need  to  review  some  of 

the  previous  instruction,  do  so.     The  progress  check  is  prepared  as  d  separate  publics* 

tion  and  controlled  by  the  instructor.  You  must  do  the  progress  check  under  instructor 
supervision  and  complete  it  prior  to  leaving  for  the  day. 


Corrosion  is  the  deterioration  of  metal  ana  can  occur  because  of  direct  chemical 
attack  or  by  an  electrochemical  reaction.    Host  corrosion  is  caused  by  electrochemical 
reaction.     A  corrosion  cell  will  be  created  when  there  is  an  anode,  cathode,  electro- 
lyte, and  metal  path  present  at  the  same  time. 

The  best  way  to  prevent  or  control  corrosion  is  to  eliminate  any  one  of  the  neces- 
sary elements  of  a  galvanic  cell.   .This  can  be  done  in  many  ways,  but  the  most  practical 
way  is  the  use  of  a  protective  coat  of  paint  or  other  insulating  material  to  keep  the 
metal  object  from  coming  into  contact  with  the  electrolyte. 

There  are  many  different  types  of  protective  coatings,  but  all  of  these  are  not 
effective  for  all  environments.     For  this  reason  you  must  have  an  understanding  of  the 
type  of  coating  and  the  environinent   In  which  you  would  use  each  coating. 

Cathodic  protection  is  a  method  used  to  prevent  corrosion  of  both  new  and  old 
structures.     It  is  usually  the  only  sure  method  that  can  be  used  to  stop  corrosion  on 
underground  structures.     The  use  of  impressed  current  reduces  the  rate  of  corrosion  of 
metal  surfaces  in  contact  with  an  electrolyte.     It  does  this  by  making  the  metal 
structure  cathodic  to  its  environment.    The  two  methods  by  which  cathodic  protection  may 
be  applied  are,  the  sacrificial  anode  system  and  the  impressed  current  system.  The 
anodes  must  be  made  of  a  metal  higher  on  the  EMF  series  chart  than  that  of  the  metal 
being  protected. 


1.  ARM  91-32,  Operation  and  Maintenance  of  Domestic  and  Industrial  Wastewater  Systems. 

2.  APR  91-26,  Maintenance  and  Operation  of  Water  Supply,  Treatment  and  Distribution 

Systems . 

3.  TO  1-1-8,  Application  of  Organic  Coatings 

4.  TO  1-1-",  Corrosion  Control  and  Treatment  for  Aerospace  Equipment. 

5.  Elements  of  Chemistry,  By  Russell  T.  DesJordin 

6.  Introduction  to  Metallic  Corrosion,  By  Ulick  R.  Evans 

/.  Corrosion  Causes  and  Prevention,  By  Frank  N.  Speller,  DSC 
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REFERENCES 


3770  Technical  Training  Group  SW  J3AnR5G631  000-1-8 

(Civil  Encineering  Training) 
Sheppard  AFB,  Texas 

HAND  AND  SPECIAL  TOOLS 

OBJECTIVES 

Given  a  list  of  tasks  and  a  list  of  tools,  select  the  tool  that  should  be  used  to 
complete  each  task. 

Given  an  electric  grinder,  a  checklist  and  handtools,  perform  the  required 
inspection  and  maintenance  on  the  grinder  with  no  more  than  one  instructor  assist^ 

INTUODUCTION 

Some  of  your  duties  will  require  you  to  use  handtools.     In  order  for  you  to  use  and 
maintain  handtools  in  the  proper  manner,  there  are  some  facts  that  you  must  know. 

The  information  will  be  presented  under  the  following  headings: 

♦  Types  of  Common  Handtools 

♦  Use  of  Tools 

♦  Tool  Safety 

♦  Care  of  Tools 

♦  Tool  Inventory 

♦  Electric  Grinder 
INFORMATION 

TYPES  OF  COMMON  HANDTOOLS 

Screwdrivers 

One  of  the  most  commonly  used  handtools  is  the  screwdriver.     It  is  used  to  tighten 
or  loosen  screws.     Screwdrivers  have  three  main  parts:     the  handle,  ^shank ,  and  blade. 
These  parts  are  shown  in  figure  8-1. 


TFD-OI I 
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Figure  8-1 


When  you  select  a  screwdriver  for  a  -ioh  v^mi 
of  blade  tip.     The  blade  tij  mJirfn?  ?hf  siorof  Jh^  Irf^  f"^''^^'  P^^P^^  ^ize 

Should  also  fill  most  of  the  lengtJ  oj  tJe  JloJ .     See  figure  8-2  '"P*"  ^"'^ 


INCORRECT 

TIP  ROUNDED,  OR  IMPROPER  SIZE  FOR  SCREW 

rro-ots 


CORRECT 

TIP  SOUARE  AND  PROPER  SIZE  FOR  SCREW 


Figure  8-2. 


Hammer 


Another  handtool  that  you  mav  be  >*pniH  rf^H  ^i. 
the  sa»e.     So.e  of  the  dif f Lent'^ySs'^rJl^LS  Trl  lloln\T'IT/ure  ^^J.*^-"--  "ot 


SLCOCC  NAHHc» 


ELASTIC  NAMMCK 


Figure  8-3. 
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Pliers 

There  are  many  different  types  of  pliers.     The  combination,  adjustable  (water  pump), 
long-nose,   flat  nose,  and  side-cutting  are  just  a  few.     All  of  these  tools  are  shown  in 
figure  8-4. 


Figure  8-4. 

Wrenches 

A  good  mechanic  must  know  the  proper  wrenches  to  use  on  a  job.     Some  of  the  types  of 
wrenches  you  may  use  are  the  alien,  box-end,  socket,  adjustable,  combination,  and  open- 
end.     See  figure  8-5. 


Figure  8-5. 
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Hacksaw 


ADJUSTABLE  FRAME 


TF-042 


Figure  8-6. 

Hacksaws  are  used  to  saw  round  or  flat  metal,  sucb  as  pipe  or  sheet  metal. 

Ui?^  OF  TOOLS 

a  workbook  on  handtooL  °^  ^^'^^  complete 

SAFETY  OF  TOOLS 

should'iofL^S  Se^SojriryorrSa;?  o"S„%?Sr?.i""rr" "  »  "".driver,  you 

<j«^s..,..e  „.  .e>.  .„  a  t'i.rA.:r.it  Zoi., 

CARE  OF  TOOLS 

mark  lTl\ll',lUril^^^^^^^^  -  l^-^y  tools  arc  th« 

looking  for  a  workable  toolf'  T^e  .oriTreiTs"^^^^^^^^ 

mark  STsknied'sDeciaTJ^t'^'^Tr'  ^^^'^  ^^""'^  o-de  -  are  . 


TOOL  INVENTORY 

You  are 


After  a  job  is  finished  the  tools  should  be  given  a  comolete  invpntorv 
probably  wondering  why  you  must  inventory  your  toSls.     ?t  Js  vlJy  simple    Lois  Tn^; 
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EXERCISE  I-8-8a 

PART  1 
INSTRUCTIONS 

A  ..u^^  J3ABR5G631  000-1-8  to  complete  the  following  matching  exercise-  Match  Column 
A  with  Column  B. 

COLUMN  A  COLUMN  B 

1.        Vice-Grip  Pliers  a. 


PART  2 
INSTRUCTIONS 

Colu^n^B.'*  to  complete  the  matching  questions.     Match  Colu.n  .  with 


1. 

2, 
3. 
4. 
5. 
6. 


COLUMN  A 
Phillip  Screwdriver 

Universal  Joint   

Ad justabl e 


Slip-Joint  Pliers 
Bal  1  -Peen  IJammer 
Long  Nose  Pliers 


COLUMN  B 

a.  What  tool  is  used  for  an  extra  set 
of  fingers? 

b.  What  tool   is  used  for  tapping  on 
light  metals? 

c.  Used  on  small  pieces  of  metal, 
which  cannot  be  reached  with  the 
fingers. 

Allows  you  to  apply  a  force  from 
different  directions.     It  Is  used 
between  the  socket  and  socket 
handle. 

e.  What  type  tool  is  used  for  a  cross 
head? 

f.  When  no  other  wrench  will  fit  a 
nut  or  bol t  you  may  have  to  us« 
this  type  of  tool . 


PART  3 
INSTRUCTIONS 

Use  SW  J3ABR56631  000-1-8  to  answer  the  lollowing  questions, 
1 •      Name  four  common  handtooJ  s? 


2.      List  the  th?;<- .  main  parts  of 


a  screwdriver, 


3.      Naaie  three  different  types  of  pi  i 


er  8. 


4.      What  is  the  purpose  of  a  hacksaw? 


PROGRESS  CHECK 


tion  and  controlled  by  ^he  insJi^ucJor  ?5u  ™!«t  h  .h^  prepared  as  a  separate  publ  ica- 
supervision  and  co.pl^t^  it  prior  to  feavJ^^S  ?Se  S^y'^'""''""''  '^-^^--'-^ 
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INFORMATION 


ELECTRIC  GRINDEr 


Bench  Grinder.     The  bench  grinder  is  'a  tool  used  for  grinding  operations.  These 
include  sharpening  chisels,  screwdrivers,  drills,  and  punches.     They  are  also  used  to 
remove  excess  metal  from  work  and  smooth  metal  surfaces.     It  is  usually  fitted  with  both 
medium-  and  fine-grain  abrasive  wheels.    These  wheels  may  be  removed  and  other  wheels 
substituted  for  them.    Such  wheels  may  include  wire  brushing  wheels,  buffing  wheels,  or 
polishing  wheels. 

Before  you  operate  a  bench  grinder,   look  at  the  unit  to  identify  any  hazards  or 
maintenance  needed.     Look  for  such  things  as:     the  electrical  cord  freying;  the  ground  on 
the  plug  must  be  there;  the  casing  must  not  be  cracked  or  damaged;  the  eyeshl«^:ld  and  tool 
rest  must  be  the  there  and  tightly  secured;  any  loose  connections  must  be  tightened;  the 
grinding  wheels  must  be  firmly  held  on  the  spindles  by  the  flange  nuts,  these  must  be 
tight;  the  grinding  wheel  must  be  dressed  and  must  not  wobble;  and  the  grinder  must  be 
secured  to  the  floor  or  bench. 

During  the  operation,  first  listen  for  unusual  noises  then  check  for  odors.     If  any 
unusual  noises  are  found  find  the  cause  and  fix  it  if  possible.     The  work  should  be  held 
firmly  at  the  correct  angle  on  the  tool  rest  pn^vided.    Next  feed  the  work  into  the  wheel 
with  enough  pressure  to  remove  the  desired  amount  of  metal  without  generating  too  much 
heat.     If  too  much  heat  is  generated  by  the  grinding,  cool  the  tool  by  dipping  in  water 
to  cool  it. 


iftemember,  the  abrasive  wheel  which  grinds  metal  easily,  grinds  human  fingers  more 
easily. 


NOTE:     If  wheel  needs  dressing,  follow  these  steps: 


1.  Ad,^ust  tool  rest  to  permit  wheel  dresser  to  contact  abrasive  wheel  on  center  lineof 
wr  '-el . 

2.  Start  wheel  revolving,  then  support  the  dresser  on  tool  rest  with  handle  tilted  up- 
ward at  angle. 

3.  Slowly  press  the  wheel  dresser  against  face  of  revolving  wheel       Ml  it  "bites"  then 
move  dresser  from  side  to  side  across  wheel  to  obtain  a  straigh'.  ^Jurface  on  the 
wheel.     CAUTION:     Hold  the  dresser  rigidly  enough  on  tool  rest  to  prevent  vibration. 

4.  Smooth  wheel  by  passing  an  abrasive  type  dresser  back  and  forth  over  the  face  of  the 
wheel,  smoothing  with  a  very  light  pressure. 


If  you  need  to  dress  the  wheel,  refer  to  the  NOTE  above  or  to  TO  30-1^101.     For  more 
maintenance  information,  refer  to  the  manufacturer's  manual. 


EXERCISE  I-8-8b 

INSTRUCTIONS 

Using  the  electric  grinder,  inspect  and  repair  as  required. 

a.  To  test  the  grinding  wheel,  tap  it  with  a  ball-peen  hammer.  Yes  No 

b.  When  tapped,  a  dull  thudding  sound  indicates  an  operational                Yes  No 
wheel • 

c.  Is  the  grinder  securely  anchored  *  ' floor?                                     Yes  No 

d.  Is  a  face  shield  used  with  the  Yes  No 

e.  Is  the  wheel  properly  dressed?  Yes  No 
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tion  and  controlled  by  the  instructo?  Yarm^«t  *i  P^^P*^®**  a  separate  pubUca- 
supervlslon  and  co„pl^te  it  prio?  Jo  ieaSSgTJ  ?he  Sayf^*"^^"  ^'^"'^  instructor 


StMMARY 


because  JoS 'Ja^e^'aJ'Lbi'f^or'^a'^don'?;  Jare"  Jtt'Jt^^"'  S"''  °^  ^^"^  °- 

No  one  likes  to  tell  you  that  tLv  rt^n-t       *  you  ase  hand  or  power  tools, 

habits.  A  n^cLltc.  whS  llllsTd  ?SSls  Tn^Lod  '^J'^'"''  because  of  your  poor  wo?k 
always  get  willing  help  when^?hey  neeS  it      ^  *  '^"1 


always  get  willing  help  when  they  need  it. 
REFERENCES 

TO  30--1--101,  Maintenance  and  Care  of  Handtools 
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3770  Technical  Training  Group 
Sheppard  Air  Force  Base,  Texas 
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OPERATION  AND  MAINTENANCK  OF  A'ATEK  AND  WASTEWATER 
TREATMENT  SUPPORT  EQUIPMENT 

OBJECTIVES 

Given  four  control  devices,   identify,  inspect,  and  state  the  function  and  operation 
of  each. 

Identify  the  purpose^  operating  features  and  operator  maintc*nance  requi remfjnts  for 
air  compressors.     Three  of  the  five  must  be  correct. 

Using  AFR  91-26,   list  the  purposes,  types,  and  inspection  procedures  of  water 
storage  tanks. 

Given  a  set  of  incomplete  statements  about  various  valves,  make  written  responses 

to  identify  each  valve.     Seven  of  the  ten  must  oe  correct. 

Given  a  check  valve,  disassemble,  inspect,  and  reassemble  the  valve  with  no  more 
than  one  instructor  assists. 

Using  a  gate  valv^  on  the  pump  trainer,  remove  and  replace  the  valve  packing^  to 
prevent  water  leakage     ith  a  maximum  of  two  instructor  assists. 

Using  AFR  91-26  and  information  pertaining  to  electric  motors  and  power  connectors, 
list  the  operational  checks  and  operator  maintenance  requirements  for  motors  and 
connectors . 

Given  information  pertaining  to  ical  feeders,  identify  the  three  types  of 

•"hemical  feeders  by  completing  written  atements. 

Given  chemical  feeders  and  working  as  a  team,  disassemble,  inspect  and  reassemble 
the  feeder  to  operating  condition  with  a  maximu-i  of  five  instructor  assists. 

Given  information  pertaining  to  differ^mi:  types  of  measuring  devices,  write  the 
function  and  application  of  each  and  record  a  meter  reading.     Five  of  the  seven  must  be 
correct . 

Given  a  water  meter,  disassemble,  inspe^o  and  reassemble  the  meter  using  a 
checklist  or  manufacturer's  brochure  with  no  more  than  one  instructor  assist. 

MOT\i  tor  the  operation  of  selected  backflow  preventers  and  list  four  methods  of 
backflow  prevention  with  no  more  than  two  instructor  assists. 

Given   four  types  of  backflow  preventer  malfunctions,   select  the  ma;  itenance 
required  to  correct  the  malfunction.     Three  of  the  four  must  be  correct. 

Using  AFR  91-26,   list  three  operational  services  which  are  conimon  to  standby 
engines. 

Given  a  list  of  pun:p  types  and  a  list  of  pump  characteristics,  match  the  pump  type 
to  its  characteristic.     Three  of  five  answers  must  be  correct. 

Using  the  sewage  lift  station  trainer  and  working  as  a  team,  monitor/operate  the 
trainer  in  accordance  with  the  standard  operating  procedures  with  no  more  than  two 
instructor  assists. 

Using  the  sewage  lift  station  trainer,  and  working  as  a  team,  perform  operator 
inspection  and  maintenance  on  the  trainer  in  accordance  with  a  checklist  with  no  more 
than  two  instructor  assists. 

During  a  field  trip  to  the  base  water  and  wastewater  facilities,  use  a  checklist  :.(> 
monitor  and  inspect  the  support  equipment.  Students  checklist  must  correspond  to  60%  .ii 
instructor's  evaluation  of  the  facility. 
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CONTROL  DEVICES 


INFORMATION 


TYPES  OF  CONT,"^OL  DEVICES 


Mechanical 


H.w^nr?*'''"^''''\?°°^''''i  devices  operate  through  a  mechanic 
device  is  normally  used  to  control  the  liqv.id  level  in  a  tan 

Electrical 


inkage.  This  type  of 
or  other  container. 


ElertrJn«r^''nJ  Tl''^^  devices  have  been  designed  for  many  different  functions 
Electrical  control  devices  are  designed  to  open  or  close  an  electrical  circuit  Ar 

Hydraulic 

Hydraulic  controls  use  fluid  pressure  and  a  diaphraxm  to  ooerito^      Th^  .^„t,.^in„ 
co:?roJ"...r  °^  e?tra??ed°f?S:'^K-syI?L\°e"i';g'''"^ 

Pneumatic 

Pneumatic  control  devices  are  very  similar  to  hydraulic  devices  exceot  that  th^^ 


FUNCTIONS  AND  OPERATION  OF  CONTROL  DEVICES 


Mechi-  .ical 


A  ve  y  common  mechanical  contr       ievice  !«;  uroh  in  +1,0  ^ 

water  to  rell??  f^.  JfJ;      l!  '  '  '°*  opening  a  valve  allo.lna 

"rval'^e^'^^iiplnl  'Z' i^J.^^  ^^l^^' 


.  <-WATER  SUPPLY  INLET  TO  TANK 
IRUUCII  OAftKCT 
3— •OTTOM  or  TANK 
^ STEEL  WASHER 


Figure  I-9a-l 
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Electrical 


Using  a     j  sing  element  such  as  a  probe  or  a  pressure  switch,  a  pump  may  be 
started,  stop:.   .*  or  adjusted  automatically  to  maintain  water  system  pressure.  An 
electrical  probe  may  also  be  used  to  control  a  particular  condMion  of  the  water.  For 
example,  if  the  temperature  of  the  water  in  a  heated  swimmir     ,  ool  is  low  the  probe 
sends  a  signal  to  the  heater  which  in  turn  heats  the  water,     Wie  control  device  in 
figt  G  I-9a-2  is  a  float  switch.     The  float  activates  the  electrical  switch  which 
controls  a  piece  of  equipment  such  as  a  pump. 


Figure  I-9a-2.     Electrical  Control  Device 

Hydraulic 

When  a  large  amount  of  pressure  is  being  used  to  hold  a  valve  in  position,  a 
hydraulic  control  device  Is  being  used.     Since  pressure  is  equal  on  all  sides  of  this 
control,  it  is  easy  for  the  valve  to  open  or  close. 

Hi;Mlraulic  control  devices  are  very  common.     They  provide  an  easy  and  aci^ur  -te 
control  over  system  pressure,  filters  and  other  water  and  wastewater  olant  eaa:pment.  A 
typical  hydraulic  control  will  use  a  diaphragm  which  has  a  lar^jer  surface  area  on  one 
side  than  the  other.     The  diaphragm  is  connected  to  a  device  which  opens  or  closes  a 
valve.     A  common  type  of  hydraulic  control  has  a  sensing  line  which  connects  system 
pressure  to  one  side  of  the  diaphragm  so  that  pressure  on  both  sides  of  the  diaphragm 
are  equal.     Control  is  obtained  because  of  the  difference  in  the  area  of  the  sides  of 
the  diaphragm*     A  slight  adjustment  in  the  pressur*-  on  the  smaller  area  side  will  result 
In  a  large  change  in  pressure  on  the  other  side.        hydraulic  control  device  is  shown  j  .i 
figure  I-9a-3.     It  uses  system  pressure  to  operate.     The  sensing  line  in  thi-  control 
device  is  the  pilot  tube. 


UrtU  ASSOIiLT 


Figure  I-9a-3.     Hydraulic  Control  Device 


jfneomatic 


COMPRESSOR 


t 

?! 

i 

I 


^HERMOSW 


'^'^'^'^iOTZ  BULB 
HERMOSTAT 


MOTOR 


NAIVE 


if  l! 


™UCTI0  VftLVt  ;  OftMWR 


Figure  I-9a-4.     Pneumatically  Controlled  System 
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PREVENTIVE  MAINTENANCE  PROCEDURES 


A  good,  sound,  well  organized  and  enorj^otically  pursued  preventive  maintenance 
program  will  provide  a  tremendous  cost  savings  over  a  long  period  of  time.     This  program 
should  include  but  not  be  limited  to;  lubrication,  cleaning  and  testing  of  the  control 
device.     The  unit  you  are  assigned  to  should  have  technical  publications  covering  the 
specific  control  devices  installed  at  your  base.     These  publications  should  be  consulted 
to  perform  maintenance  on  the  devices.     Listed  below  are  a  few  general  maintenance? 
guidelines  for  control  devices. 

Mechanical 

Most  ri^^chanical  devices  have  pivo'  points  which  require  cleaning  and  lubrication. 
The  device  should  be  inspected  for  proper  alignment,  f ree  lom  of  movement  ( *oo  close  to 
th'^  tank  wall),  and  corrosion. 

Electrical 

Electrical  controls  also  need  cleaning  from  ti-je  to  time.     Those  that  use 
mechanical  linkage  must  also  be  checked  for  lubrication  and  corrosion.     Some  electrical 
control  devices  may  need  calibration  after  repair  or  at  certain  intervals.     Check  with 
the  manufacturers  manual  to  see  if  you  art     ble  to  do  the  calibra  ..-Lon ,  otherwise  report 
it  to  your  supervisor.     Pe  sure  to  check  electrical  connections  xo  insure  they  are  free 
of  corrosion  and  secure. 

Hydraul ic 

Hydraulic  control  devices  may  have  mechanical  linkage  which  needs  to  ue  checked. 
Hoses  and  tubes  must  be  inspected  for  leaks,  loose  supports,  wear  and  genpr^l  condition. 
The  diaphragm  on  the  control  device  must  also  be  inspected  for  cracks,   tt-tvs,  and 
general  condition. 

Pneumatic 

Pneumatic  systems  require  a  source  of  air  or  gas  to  operate.     Check  hoses,  tubing 
gas  cylinders  and  components  for  secure  mounting,   leaks  and  corrosion.     If  an  air 
comjressor  is  used  to  supply  the  for  the  control  device,  maintenance  will  be 

required  for  the  air  compressor  aiso.     We  will  cover  maintenance  of  air  compressors  in 
the  next  section. 

SUMMARY 

Control  devices  are  esseutial  pieces  of  support  equipment  fo?;  the  environmental 
support  career  fLeid.     Knowledge  of  how  they  operate  and  the  maintrnance  procedures  for 
them  will  keep  the  control  devices  in  service  for  a  long  period  of  time. 
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EXERCISE  I-9a 

INSTRUCTIONS 

Use  SV  J3ABR56631  000-1-9  to  complete  the  following. 
1.      List  the  four  types  of  control  devices. 

a.  

b. 


c, 


2.      Which  type  of  control  device  uses  a  float  valve  to  control  the  lev.,  m  a  tank? 


3,       Electrical  control  devices  use  a 

— — — ^  c  r  a 


to  start  or  stop  a  pump. 


4.       Pneumatic  control  devices  use 
a  constant 


supplied  at 


to  operate. 


5.       Hydraulic  control  devices  use  a   ^ith  u  larger 


on  one  side  than  the  other, 


6.  Preventive  maintenance  on  mechanical  control  devices  should  include   

  ,  ,  and  ^  

7.  Preventive  maintenance  on  electrical  control  devices  should  include  checking 
~    insure  they  are  secure  and  free  from 


8.       Hydraulic  hoses  and  tuning  should  be  checked  for 
  and 


9.       Check  pneumatic  system 

for  secure  mountings,  leaks  and  corrc    .on.  '  ' 


PROGRESS  CHECK 

You  should  be  ready  for  the  DroKress  rhprk      Tf  vr^i  ^^^^i  >  * 

the  previous  instruction,  do  so.  V^t  pr'ogress'chec"  i's^Sre'rasTs  nailJe'"  '^^'^ 
publicaUon  and  controlled  by  the  instructor.     You  must  do  the  progre8s~?heSk  under 
instructor  supervision  and  complete        prior  to  leaving  for  the  Say! 
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AIR  COMPRESSORS 


INFORMATION 


Air  compressors  are  used  tor  a  variety  of  different  jobs  at  water  and  wastewater 
treatment  plants.     There  are  many  different  types  of  compressors,  but  the  principles  of 
operation  of  all  of  them  are  similar.     Keep  in  mind  that  wherever  you  are  working,  there 
may  be  different  types  of  air  compressors.     Your  section  should  nave  technical 
publications  for  the  units  in  use. 


Compressed  air  systems  are  used  in  water  plents,  lift  stations,  wastewater  plants, 
and  laboratories.     Pneumatic  control  devices  may  require  air  compressor.'j  t  r  operation. 
Valv^js  at  various  points  throughout  the  water  system  and  treatmei  t  plants  may  'jj 
operated  with  air  assistance.     Pneumatic  tools  also  use  compressed  air  for  operation. 

Operating  Features 

The  air  is  compressed  in  an  electric,  gasolin*^  or  diesel  driven  compressor  and 
stored  in  a  tank  until  needed.     Air  is  drawn  into  .he  compressor,  where  it  is  reduced  in 
volume  and  passed        ough  a  ciieck  valve  into  the  storage  tank.     A  combination  pressure 
control  and  safety  valve  regulates  the  operation  of  the  compressor  and  power  unit.  When 
the  amount  of  air  stored  in  the  tank  reaches  the  desired  pressure  the  compressor  shuts 
off  automatically.     If  the  pressure  control  fails  to  operate,  a  safety  valve  functions 
and  relieves  Vue  pressure  in  che  tank  to  prevent  it  from  exploding.     The  compressor 
equipment  \s  commonly  housed  in  a  centralized  location.     The  location     ^ould  be  clean, 
dry,  ac.oesr»ible  and  well  ventilaLod.     This  will  provide  for  proper  opc.iating  conditions 
for  the  compressor. 

Air  compressors  used  in  th     Air  Force  a^'e  normally  of  two  types;  picton-type  or  the 
rotary.-liqu:' d  type. 

PISTON  TYPE.     Pisron-type  compressors  are  usually  two  stage  compressors  with  tho 
compression  taking  place  in  two  distinct  steps  in  s^iparate  cylinders.     For  shops,  a 
single  compressor  is  most  often  used,  compressing  aiid  deliv^^r-       ^^r  at  pressures  up  to 
100  psi. 

ROTARY-LIQUID  TYPE.     Rotary- 1  iquid  type  air  compress  .nul t: -bladed  rotor 

revolving  in  a  casing  which  is  partially  filled  with  a  liqv  "he  rotor  serve-:  /ae 

same  purpose  as  the  piston        a  piston-type  compressor ^ 

CONTROLS.     Air  compressors  usually  operate  automatically.     The  operation  is 
control iod  by  a  diaphragm-type  pressure  switch.     A  pressure  gage  is  usually  located  iiext 
to  the  pressure  switch.     Safety  valves  should  be  installed  on  the  compressor  comporonL.s, 
such  as  the  inter/after  cooler,   the  air  receiver  (storage  tank),  and  compressed  air 
discharge  lines. 

AIR  FILTERS.     Each  compressor  has  an  intake  air  filter  to  prevent  dirt  and  grit 
from  entering  the  compressor.     The  filter  also  serves  to  muffle  intake  noises. 

Operator  Maintenance  Requirement: 

It  is  V        important  that  the  ^'ater  and  oil  in  the  air  receiver  and  lines  be 
drained  daii        Water  can  cause  wator  hammer  in  pipes  and  lines,  reduced  capacity  of  the 
lines  and  wat-ning  away  of  the  lubricant  in  pneumatic  tools.     Water  can  also  freeze  in 
th ^  lines  in  cold  climate.     In  addition  to  draining  this  condensate,  other  daily 
maintenance  procedures  include;  checking  the  system  for  air  leaks,  checking  for  loose 
drive  belts,  and  checking  the  oil  level   in  the  air  compressor.     Other  maintenance 
includes  periodic  checking  of  the  inter/after  cooler  for  cleanliness  and  an  occasional 
cleaning  of  the  air  filter. 

Problems  which  could  cause  inefficient  operation  in  your  air  system  include  low 
compression  and  leaking  valves.     These  are  problems  which  you  can  prevent  or  delay  with 
proper  operator  maintenance.     However,  equipment  will  eventually  wearout  and  require 
major  repairs.     Major  repairs  are  usually  done  by  che  people  in  the  refrigeration  shop, 
howev«=r,  it  may  be  different  where  you  are  assignevU 
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Figure  I-9b-l,     Typical  Air  Compressor 


EXERCISE  I-9b 

INSTRUCTIONS 

Use  SW  J3ABR56631  000-1-9  to  complet-  the  followi 

1.  Compressed  air  systems  a^ ^  used  in 
and  ^ 

2.  Air  is  drawn  into  the  compressor,  reduced  ±,i   

check  valve  into  a 

3.  If  the 


fails  to  operate  a 


prevents  the  tank  from  exploding. 


The  air  compressor  should  be  located  in  an  area  that  is 


,  and 


5.  Tne 


and  passed  through  k 


common  type^  of  compressors  found  in  use  in  the  Air  Force  are  the 
type  and  the 


type. 


6.       Air  filters  prevent 
the  unit  and  muffle 


and 


from  enttjring 


7.      Daily  maintenance  of  air  compressors  includes  draining 
checking  for 


level . 


and  checking  the 


8.       Major  repairs  on  compressors  are  done  by  ti 


le 


shop . 
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STORAGE  TANKS 


Purpose  of  Storage  Tanks 

Storage  serves  to  equalize  demand ,  improve  flows  and  pressure  and  provide  reserves 
tQ^  firefighting  and  power  outages.     The  nornal  demand  for  a  community  varies 
considerably  between  .-ight  and  day  and  different  days  of  the  week.     For  this  reason  it 
is  in^port^'.nt  to  equalize  the  demand.     During  low  demand  periods  -cater  is  placed  in 
storage  for  use  during  periods  when  demand  exceeds  the  capacity  cf  pumps,  treatment 
plants,  sujply  lines  uv  the  source. 

Water  i.  storage  can  be  used  to  equalize  distribution  system  pressure  in  r-sponse 
to  varied  flows.     Elevated  storage  serves  to  keep  a  constant  pressure  on  the  system  or 
•  to  even  out  the  distribution  flow  patterns. 

Fire  c       .     may  have  to  be  met  at  an.v  time.  Storage  enables  water  to  be  supplied 

during  emergenc^  conditions  Resulting  from  firefa,  power  failures,  breakdown  of  SLipply 

pumps,  failure  of  supply  mains,  flooding  or  other  conditions  that  may  result  from 
natural   causes*  accidents  or  enemy  action. 

Types  of  Storage  Te.aks 

Storage  can  be  constructed  in  three  different  ways  depending  on  the  requirements  of 
the  system.  They  may  be  built  on  the  surface  of  the  ground,  undergound,  or  elevated  off 
the  ground • 

GROUND  STORAGE.     Ground  storage  tanks  may  be  located  at  any  point  in  the  water 
system  but  are  usually  located  near  the  point  of  production.     Ground  storage  reservoirs 
should  have  waterproof  covers  to  prevent  contamination  from  airborne  dust  and  bacteria, 
animals  or  birds*     The  cover  also  serves  to  safeguard  against  accidental  drownings.  If 
covered  the  reservoirs  must  be  vented  to  allow  the  passage  of  air  as  the  water  level 
changes.     The  vents  must  be  screened  to  prevent  the  entrance  of  birds,   insects  or 
animals.     In  cold  weather  climates  it  is  important  to  check  the  screens  to  insure  they 
are  free  of  frost  and  ice.     If  ground  storage  tanks  are  used  ^^nly  for  fire  protection  it 
may  be  necessary  to  operate  the  fire  pumps  to  recirculate  the  water  thus  preventing 
freezing.     Ground  storage  tanks  may  be  made  of  steel,  concrete  or  wood  with  steel  and 
concrete  being  the  most  common. 

UNDERGROUND  STORAGK.     Underground  tanks  serve  the  sam-^  basic  purpose  as  do  ground 
level  tanks.     Both  lypes  are  commonly  used  to  maintain  the  iivefighting  capability  of  :i 
base.     Underground  storage  tanks  will  be  constructed  in  the  same  manner  as  ground  level 
tanks.     They  will  be  vented  and  covered  and  constructed  of  concrete  or  steel. 

KLRVATED  STORAGK.     Elevated  storage  is  provided  by  means  of  elevated  tanks  that  are 
supported  on  columns  or  legs.     The  tanks  may  be  cylindrical,  spherical,  ellipsoidal, 
conical  or  other  shapes.     Steel  is  generally  used  for  elevated  tanks  but  concrete  may 
also  be  used.     Sometimes  small  te'Tipoiary  .storage  tanks  may  be  constructed  of  wood. 
Water  that  is  stored  at  higher  elevations  is  generally  used  to  maintain  pressure  on  the 
system  without  the  use  of  pumps.     It  is  desirable  to  have  at  least  50  percent  of  all 
storage  as  elevated  or  high  level  storage  in  case  of  power  outages  or  failure  of  supply 
'^ains  • 

Problems  with  freezing  are  more  apt  to  occur  in  elevated  tanks.     To  guard  against 
freezing  of  water  in  the  riser  of  the  tank,  cover  the  pipe  in  the  riser  of  the  tank  with 
insulating  material.     In  climates  where  insulation  alone  may  not  ^ive  adequate 
protection,   hot  water  circulation  or  steam  coils  in  the  riser  may  be  used. 

Inspection  Provieduros  for  Storage  Tanks 

Inspection  procedures  for  storage  tanks  are  basically  the  same  regardless  of  the 
type  of  tank  in  use.     For  specific  procedures  see  AFrt  91-26,,  pgs  228  and  2139,   Table  8-4. 
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EXERCISE  I-9c 

INSTRUCTIONS 

Use  SYi  J3ABR56631  000-1-9  to  answer  the  following. 
1.      What  are  the  three  types  of  storage  facilities  for  water? 


2.      What  are  the  three  pu 


purposes  of  storage  tanks? 


3.       If  storage  tanks  are  covered  what  n,u.t  be  installed  to  allow  for  air  passage? 


4.       How  do  you  prevent  birds,  insects,  .-^     „i.als  fro™  entering  the  vents  on  storage 
tanks? 


5.      What  procedures  are    ,.ed  to  keep  water  in  ground  storage  tanks  from  freezing? 


6.      What  are  the  two  most  common  materials  used  to  build  storage  tanks? 


7.      What  is  the  simplest  .nethod  to  prevent  w.ter  in  the  riser  of  an  elevated  storage 
tank  from  freezing? 


8.      How  much  of  the  total  amount  of  storage  should  be  stored  in  elevated  tanks? 


PROGRESS  CHECK 
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VALVR 


Valves  are  the  traffic  cops  in  any  kind  o:  piping  system.     This  study  i^uide  will 
deal  with  the  purpose,  types  and  components  of  valves,     Remenber  that  one  manufacturer 
cannot  copy  anothers  design  exactly,   so  there  vill  he  minor  differences  even  though 
valves  look  anci  function  the  same. 

Purpose  of  Valv<»s 

Valves  are  devices  used  to  stop,  start,  or  regulate  flow  of  liquid        .o,  through, 
or  from  piping.     Essentially,  a  valve  consists  of  a  body  with  an  opening  and  a  means  of 
losing  the  opening  with  a  disk  or  plug  which  can  bp  tightly  pressed  against  a  seating 
jrface  or  within  the  opening, 

fyi  vs  of  Valves 

There  are  four  basic  types  of  valves  which  are  common  in  any  piping  system.  These 
a»;e:     gate,  globe,  check,  and  plug  valves.     In  the  following  informacion  each  of  these 
:ypes  will  be  explained.     There  are  other  devices  used  to  control  flow  in  a  piping 
system,  such  as  regulators,  and  f lushometers .     These  are  modifications  of  a  basic  valve 
design. 

Gate  Valves,     As  the  name  implies,  a  gate  valve  has  a  gate  which  opens  and  closes 
across  the  path  of  flow.     See  figure  I-9d-l  below. 

Gate  valves  are  used  for   services  requiring  infrequent  valve  operation  and  where 
the  disc  is  kept  either  full  open  or  full  closed.     When  full  open,  the  seat  design  of 
the  valve  permits  the  fluid  to  move  through  the  valve    n  a  straight  line  with  a  minimum 
restriction  of  flow  and  a  minimum  loss  of  pressure  at  the  valve. 

This  type  of  valve  is  not  suitable  for  a  throttling  operation  (where  the  valve  is 
kept  only  partly  open),   since  the  velocity  of  flow  against  the  partly  open  valve  disc 
may  cause  vibration  and  damage  to  the  disc  and  seat  surfaces. 

In  piping  systems  most  large  valves  will  be  gate  valves.     So  in  a  large  piping 
system  if  flow  must  be  regulated  it  is  normally  done  by  some  other  means. 


NOTE:     Two  common  variations  of  the  gate  valvf*  are  the  ball  and  butterfly  valves. 
These  two  types  of  valves  6.re  quick  operating  as  they  only  require  a  1/4 
turn  to  open  or  close. 


>^    ^  WHEtl 


PACKING  NUT 


BODY 


Figure  I-9d-l.     Gate  Valve 


hows  .  replaceable  fiber  or  „e«l  SJs'  sh.peJ  Ind  fuwd  ?o  Toll  T 

Hi=p  ™  £  ;s:  :iv«"^Hf IIS 


BODY 


en  »03 


Figure  I-9d-2.     Globe  Valve  Figure  I-9d-3.     Angle  Valve 

common  des'~n  of  a  globe  valve  is  the  angle  valve.     See  figure  t  qh  o^,,  •  o 


-Aives.  There  are  two  types  of  check  valves  which  we  will  disfu-js  Th^c:,. 
on^  H  yr  "'^.^''^^B  check.  The  purpose  of  a  check  va^ve  is  ?o  ^ontJoi  the  '  1 1.  J  fn 
one  direction  only.    Check  valves  are  „ot  positive  buckflow  pruventeJs 

iiti-ie  resistance  to  flow.     Lift  check  valves  are  often  used  in  a 


Figure  I-9d-4 
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pipi..        stem  and  serv    the  same  purpose  a.*^  a  swing  check.     A  lift  check  --houicl  not  be 
usevl  1..  place  of  a  swi.      /^eck  as  it  restricts  flow  like  a  globe  valve,  so  it  is 
normally  used  in  line  with  a  globi,  valve.     If  necessary,  a  swing  check  may  be  used  in 
place  of  a  lift  check.     \  lift  check  can  only  be  used  in  a  horizontal  position.  See 
figure  I-9d-5. 


Figure  i - 9d-5 

Plug  Valves.     Plug  valves  lik'.      gate  V^'ve  otfer  very  little  restriction  to  flow 
as  the  flow  is  straight  through.  olf'  r  ooe  big  advantage  as  it  only  takes  1/4  turn 

to  open  and  close  them.     Most  are  gned  so  vhe  handle  can  only  go  on  in  one  position, 

this  makes  the  handle  line  -ip  with  the  pipe  when  the  valve  is  open.     Plug  valves  are 
often  used  in  sludge  lines.     See  figure  I~9d-6, 

Valve  Components 

The  following  figures  identify  the  different  valves  wit!-  a  breakdown  of  th.  ■  r 
components.     Although  we  will  not  discuss  all  the  components,   ihe  major  items  will  be 
covered . 

STEM.     The  stem  is  the  component  which  connects  the  hand  wheel  to  the  gate  or  diec 
making  1-  possible  to  operate  the  valve.     Valves  are  furnished  witn  rising  stems  or 
■lon-rising  stems.     A  rising  stem  valve  allows  the  stem  to  rise  ab  "/ve  the  hand  wheel  as 
the  valve  is  opened.     A  rising  stem  valve  is  also  known  as  an  indicatint;  valve  as  you 
can  tell  if  it  is  open  or  closed  at  a  glance.     (See  figure  I-9d-li) 

GATES.  In  gate  valves  there  are  four  different  type  discs  in  use.  THey  are  solid 
wedge,  split  wedge,  double  disc,  and  the  flexible  wedge.  The  system  in  wl  the  valve 
is  installed  i^ill  determine  the  type  disc  to  be  used. 

BCN'NETS.     :x5ok  on  ^:he  globe  and  ga*:e  valve  at  the  top  part  labeled  bonnet.  There 

are  three  general  typ^s  of  bonnets  used  t>ii  valves.  They  are  screwed,  union  and  bolt«^.*d. 

Most  large  valves  have  a  bolted  bonnet  as  it  would  be  too  difficult  to  maintain  a  water 
tight  seal  with  eltrier  a  screwed  or  union  bonnet. 


Figure  I-9d-7.     Gate  Valve 


Figure  I-.9d-8.     Globe  Valve  with  Plug  Di 


CAP  BOITS 


BODY 

Figure  I-9d^9.     Cross  Section  of  a  Swing  Check  Valve 


Figxire  I-9d-ll.     0  S  &  Y  Valve 
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Summary 


they  2:  Tt\:iXl^^^^^^^^  Of  valves,  you  can  see 

check  valve  and  a  gate  wklvl  ^  opportunity  next  to  do  maintenance  on  a 


gate  valve, 

EXERCISE  I-9d 


INSTRUCTIONS 


use  your  SW  J3ABR56631  000-1-9,  to  complete  the  following  questions  on  valves. 
1.      A  gate  valve  must  be  either  fully 


2.  A  gate  valve  (can,  cannot)  be  used  to  control  the  rate  of  flow. 

3.  A  globe  valve  (can,  cannot)  bs  used  to  control  the  rate  of  flow. 

4.  A  check  valve  provid'.-s  free  flow  in 

  direction  only. 

5.  Heme  the  two  basic  types  of  check  valves. 

a.  

b.  ■ 


PROGRESS  CHECK 


You  should  be  ready  for  the  oroKress  phprt      t*         *  ■■ 
the  previous  instructions,  do  so.^  ?5e  pJogJlss'cheL^?^  H  "^^'^  ^°  ^^"^  °f 

publication  and  controlled  by  the  instruo?or      v^.^        ^    prepared  as  a  separate 
under  instructor  suparvision^JS^oS^L^L^^Jt'prS  ?o1ea%°?S%^%\W^;°?!^^^  '^^^'^'^ 
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MAINTENANCE  OP  CHECK  VALVES 


Check  valves  are  easy  to  maintain  and  in  most  cases  can  be  done  while  the  valve  is 
installed.     Normally  all  that  is  required  is  a  good  cleaning?  and  lubrication  of  the  disc 
pin  on  a  swing  check.     Be  sure  any  lubricant  used  is  non-toy.ic. 

Swing  Check  Valve  Repair 

The  swing  check  valve  is  very  simple  to  disassemble  for  repair.     The  fi'-st  step  is 
to  place  the  valve  body  in  a  vise  if  it  is  out  of  the  line.     Grip  the  valve  by  the  ends 
with  the  vise.     Be  sure  the  vise  ha«  soft  jaws  or  protect  the  ends  with  a  rag.  Next 
remove  the  cap.     Some  valves  have  >oIts,  while  others  screw  on.     (See  figure  T-9e-i  and 
I-Pe-2) 


tODY 


Figure  I-9e-l. 
Cross  Section  of  a 
Swing  Check  Valve 

Next,  remove  the  hinge  pin.     Some  hinge  pins  screw  in  while  other  slip  in  and  are 
held  in  place  by  plugs.     Remove  the  plugs  and  slip  the  pin  out  or  unscrew  it.  Remove 
the  disc  using  care  not  to  damage  it.     Inspect  the  disc,  if  metal,  for  any  scratches. 
If  the  disc  is  compositional,  it  may  be  removed  and  replaced  with  a  new  one.     A  metal 
disc  may  be  smoothed  and  cleaned  using  fine  emery  cloth.     Inspect  the  seat.  Small 
scratches  may  be  smoothed  out  with  fine  emery  cloth.     Clean  the  hinge  pin  with  fine 
emery  cloth  or  steel  wool.     Reassemble  in  reverse  order  of  disassembly.    Lubricate  the 
hinge  pin  with  a  non-toxic  lubricant. 

Lift  Check  Valve  Repair 

Like  the  swing  check  valve,  the  lift  check  valve  is  easy  to  repair  in  the  line  or 
out.     Remove  the  cap  as  you  did  on  the  swing  check  valve.     After  removing  the  cap, 
simply  lift  the  disc,  also  known  as  a  poppet,  from  the  valve  body.     Inspect  and  clean 
the  disc  and  seat  as  you  did  on  the  swing  check  valve.     The  disc  and  seat  can  be  cleantid 
and  faced  by  using  a  lapping  compound.     Place  a  small  amount  of  lapping  compound  on  the 
disc.     Place  it  in  the  body  against  the  seat.     Then  rotate  the  disc  back  and  forth 
applying  a  light  pressure.     Not  all  valves  can  be  done  this  way  because  the  disc  slips 
in  guide  slots  which  prevent  it  from  rotating.     Reassemble  in  reverse  of  disassembly. 


Suiiimary 

Check  valves  are  easy  to  maintain  but  normally  reuuire  v*-rv  n  tt-i  o  mo^«4. 

Once  the  valve  is  installed  there  is  no  way  you  c^n  tP?i  ff  if  maintenance, 

disconnect  the  supply  side*  working  unless  you 

EXERCISE  I-9e 

PROCEDURES 

guide?""'''^'^  '""^  following  statements  by  filling  in  the  blanks.  You  may  use  the  study 
1.      To  disassemble  a  check  valve,  remove  the    first 


2.      Some  swing  check  hinge  pins  are  in  and  others 


in. 


3.  A  lift  Check  may  be  cleaned  and  scratches  removed  from  seat  and  disc  at  the  same 
tiiDB  by  

4.  Any  lubricant  used  ir  a  valve  must  be 


PROGRESS  CHECK 


previ^  ^^:^^^c?Ln%^?^^L^'1hl^°?og%%^s^'^Se'ck  ^s^  iTeuiri   -^^^^  ^° 

and  controlled  by  the '  instructoJ  ?JS^^uI?  df  ?L  progr?srche?k\nderinstr';''^''°° 
supervision  and  complete  it  prior  to  leaving  for  theSfy!  instructor 
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REPACKING  GATE  VALVES 


A  very  common  maintenance  problem  with  valves  is  leakage  at  the  stem.     Matiy  times 
this  leakage  problem  can  be  corrected  by  tightening  the  packing  nut.     When  this  does  not 
stop  the  leak,  then  the  packing  must  be  replaced. 

Types  of  Packing 

Different  varieties  of  valves  use  different  types  of  packing  to  prevent  leakage  at 
the  stem.     Some  valves  use  rubber  "0"  ring  packings  or  flat  packings.     Some  valves, 
especially  large  ones  use  graphite  impregnated  fiber  packing.     The  packing  may  be  solid 
flat  rings,  split  flat  rings  or  string  type.     All  packing  must  be  the  correct  size.  The 
innide  diameter  must  fit  the  stem  and  the  outside  diameter  must  fit  the  stuff in^T  box. 
(See  figure  I-9f-l)    String  packing  is  asbestos  string  impregnated  with  oil  and 
graphite.     Graphite  provides  the  lubricant  with  a  non-toxic  lubricant  to  achieve  the 
same  results. 

Exercise  I-9f  contains  the  step  by  step  procedures  for  repacking  a  gate  valve. 


WHill  LOCK  NUt 


^PACKINa  NUT 


^TMIUDEO  STIM 


-OASKH 


Figure  I-9f-l.     Gate  Valve 


SUMMARY 


Repacking  a  valve  stem  takes  very  little  time  and  should  be  accomplished  as  soon  as 
possible  after  the  leak  is  detected.     This  will  prolong  the  life  of  the  valve  and 
prevent  a  constant  cleanup  problem. 


EXERCISE  I"-9f 


INSTRUCTIONS 


Using  the  gate  valve  on  the  pump  trainer,  remove  and  replace  the  valves  packing 
using  the  step-by-step  procedures. 

1.  Remove  the  round  handle,  and  place  the  nut  and  handle  on  the  workbench. 

2.  Remove  the  top  packing  nut. 
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NOTE:     Now  you  can  see  the  packing  gland. 


3.      Use  a  rag  in  the  jaws  of  a  pair  of  pliers  and  carefully  remove  the  packing  gland. 

?;oa.nhT:tu%??Sg';Lf"''''"  °'  "  "^^'^^  ^"^-^"lly  —  the  packing 

NOTE:     DO  not  nick  the  valve  stem. 

5.  Clean  and  polish  the  valve  stem  with  fine  emery  cloth  or  steel  wool. 

6.  Obtain  the  correct  size  packing  and  cut  to  length. 

bStSftogelhei-^^  ^^''•^'"^  stem  until  it 

b.      Make  the  cut  at  a  right  angle  to  the  length  of  the  packing  fthis  is  to  inc:„r» 
a  water-tight  seal)  as  the  ends  will  lay  parallel.  ^"^''^"^  ^'^''^^        to  insure 

CAUTION:     Never  wrap  the  packing  around  the  stem  more  than  once  without  cutting  it. 


7. 


f/fr?        'VI  '"^"'^^  °^  packing  as  necessary  to  fill  the  stuffing  box  to  within 
1/16  inch  of  the  top.     Always  stagger  joints  in  the  packing  rings. 

8.  Reinsert  the  packing  glaad. 

9.  Install  and  tighten  the  packing  nut. 

NOTE:     Tighten  the  packing  nut  just  enough  to  eliminate  the  possibility  of  leaks. 

10.  Reinstall  the  handle  and  retaining  nut. 


PROGRESS  CKECK 


You  should  be  ready  for  the  progress  check.     If  you  feel  you  need  to  review  c^omp  of 
instructor  supervision  and  complete  it  prior  to  leaving  for  the  day I 
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ELECTRIC  MOTORS 


You,  as  a  water  or  wastewater  plant  operator,  will  do  minor  maintenance  of  the 
electric  motors  in  your  plant.    When  you  find  a  motor  that  needs  repairs,  report  it  to 
the  Civil  Engineering  Service  Call  Desk.     The  electric  shop  or  civilian  contractors  will 
repair  the  motors.     You  will  do  before  operations  inspections,  operational  checks,  and 
after  operations  inspections.     If  you  are  required  to  service  an  electric  motor,  you 
must  follow  manufacturer* s  instructions.     It  will  be  your  responsibility  to  do  the 
maintenance  on  the  list  that  follows. 

Operational  Checks 

Operational  checks  are  divided  into  three  areas.     They  are  preoperational  checks, 
operational  checks,  and  post  operational  checks. 

PREOPERATIONAL  CHECKS 

1.  Keep  motors  free  of  dirt  and  moisture 

2.  Keep  operating  area  free  of  articles  that  may  block  air  flow 

3.  Check  wiring  for  condition 

4.  Check  for  oil  leakage  from  the  bearings 

5.  Check  mounting  belts  for  tightness 

6.  Check  to  raake  sure  guard  is  in  place  and  secure 

7.  Check  drive  linkage  for  conditions 

8.  Lubricate  bearings 

a.  Check  oil  in  sleeve  bearings,  replenish  if  required 

b.  Check  grease  in  ball  or  roller  bearing 

c.  Pill  drip  oiler  supply 
OPERATIONAL  CHECKS 

Report  any  of  the  following  defects  to  the  Service  Call  Desk  for  correction  by  tho 
electrical  shop: 

1.  Unusual  noises 

2.  Motor  fails  to  start  or  come  up  to  normal  speed.     Sluggish  operation 

3.  Motor  or  bearings  feel  or  smell  hot 

4.  Continuous  or  excessive  sparking  at  commutator  or  brushes;  blackened 
commutator 

5.  Intermittent  sparking  at  brushes 

6.  Fine  dust  under  coupling  with  rubber  buffers  or  pins 

7.  Smoke,  charred  insulation,  or  solder  whiskers  extending  from  armature 

8.  Excessive  hum 

9.  Regular  clicking 

10.  Rapid  locking 

11.  Brush  chatter 

12.  Vibration 
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POST  OPERATIONAL  CHECKS 

1.  Check  mounting  bolts  for  tightness 

2.  Check  wiring  to  be  sure  it  is  secure 

3.  Insure  power  is  off 

4.  Check  guards  for  security 

5.  Check  drive  linkage  for  condition 

Power  Connections 

flat  SelL?"'^""-  '-"'^^^  generally  of  two  types;  belts  and 

adju3ted  easier  and  they  ^ly  b'e'opL':?ed"a%'S  ghlj  IpeeSs'  "^l?^?:?^^  T^^'^"  '''' 
practical  with  "V"  belts.     The  v  provides  «  th^orofn^H       .     .  drives  are  more 

grips  the  pulley  stronge^.  P^fovides  a  three  sided  gripping  surface  so  the  belt 

hard/sncJ^'J^is  oi"'them'i^d"tLrbiiS"'to'sf;r''?i^v  ^^        ""^''^  *° 

keep  in  adjustment,  liithout  an  iJle^nSllev  JJ^'  J  ^""f  "1^°  difficult  to  adjust  and 
from  slipping.     Flat  belts  do  lork  well  iJen  nLJ    f^^''^'"!^  difficult  to  prevent  them 

Of  the  fly  Wheel  provides  inor??a  e"Jgyr'Fonest''res;ifs"?la  \'?tf ' 

speed.  ^      pest  resuiis,  flat  belts  are  used  at  low 

that  y^i'c'af  xJL'  t'he^'^rt'yoS  JeeT'  ''''''  ''^"^  ^^^^^  lagged  so 

wasteSrJe?  Sal?!:     ?S:';wo'iypls''J?  cS„'h"?""°*'^  operation  of  water  and 

Chains.  °*  '^^^i"  d^i^^s  used  are  pintle  chains  and  roller 

Will  seri%?Sur;hari°i"\f  J'se%"Ing'bLfr  Tf^'     "°  ^^^^^^^  °^  ''^-^ 

through  the  water  very  slowlv  so  «r„o?^i-^^^  ;    ^he  chain  moves  skimmer/ scraper  bars 

Pintn  Chains  usedl7sl«n^g'Ls  nfLfu  ia  iTlSJ  c'^^d'Sy  n^a'tJial  '° 
wastewater  or  are  water  lubricated.  "s^a^^y  iuDrlcated  by  natural  grease  m  the 

drive^^io^her'^pi':?;  of'^ei^rp^enf'  Jubr^iJioffof'^.  ^h'^^°^  '"^ 

by  means  of  a  drip  type  o?l^leJer  wSJle  M^h  ^SL'"!^^""  ^^ff?  ^^^^^^^        usually  done 

an  oil  tight  case  for  constant  iSrr^aUoS!^    ^  "^"^^^        enclosed  in 

also  'Sir.;,  ?sWor;,T^el^  ITZlo^rs'/'^'  ^°  ^  ^^^^y 

preven^JTamf^f  io  Zt^llT .TLll  o'JTudJro^LJoa'dT  ^^^^^  ^^^^-^^ 

Maintenance 

revear^^;r^%\r%:n^^e^":hi^-;^^ 

syster''Sese-ins'S^??jL'°L^^^r?n°^l^;r;jt'!^^^^  ?L.iiedT*^ 

tension.     They  may  be  made  daily.  wee^y'^mSSthly!  JuarSrl^  X^''^^^^^'  "ear.  and 
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ELECTRIC  MOTORS.     Listen  for  unusual  noises,  look  for  abnormal  sparking  and 
overheating.     After  operation,  check  the  mounting  bolts,  wiring  grounds,  guards  and 
drives . 


BELT  DRIVES.     Look  at  the  edges  of  the  belt  for  fraying.     Look  for  oil  or  other 
foreign  material  on  them. 

Adjusting  Belt  Tension  and  Alignment.     A  properly  adjusted  belt  has  a  slight  bow  in 
the  slack  side  when  running.     When  the  belt  is  idle,  it  has  a  spring  to  it  when  thumped 
with  the  hand;  an  improperly  tightened  belt  feels  dead  when  thumped.     If  tightening  the 
belt  to  proper  tension  does  not  correct  slipping,  check  for  overload,  oil  on  belts,  or 
other  possible  causes.     Never  use  belt  dressing  to  stop  slippage.     Rubber  dropp^ngiS  near 
the  drive  are  a  sign  of  improper  tension,  incorrect  alignment,  or  damaged  sheavtjs. 

Cleaning  Belts.     Keep  belts  and  sheaves  free  of  oil  which  causes  belts  to 
deteriorate.     To  remove  oil,  remove  belts  and  clean  with  a  residue  free  solvent. 

Replacing  Belts.     Replace  belts  as  soon  as  they  become  frayed,  worn,  or  cracked. 
Never  replace  one  belt  on  a  multiple  systems  (2  or  more).    Replace  the  complete  set  with 
a  set  of  matched  belts.     All  belts  in  a  matches)  set  are  machine  checked  to  insure  equal 
size  and  tension.     Before  installing  a  belt,  replace  worn  or  damaged  sheaves,  then  slack 
off  on  adjustments.     Do  not  try  to  force  belts  onto  a  sheave.     After  the  belt  is 
installed,  adjust  the  tension  then  recheck  tension  after  eight  hours  of  operation. 

To  correct  the  alignment  lay  a  long  straight  edge  or  string  across  outside  faces  of 
pulleys  and  allow  for  differences  in  dimtmsions  from  center  lines  of  grooves  to  the 
outside  of  the  faces  of  the  pulleys  being  aligned.     Be  especially  careful  in  aligning 
drives  with  more  than  one  belt  on  a  sheave,  since  misalignment  can  cause  unequal 
tension . 

CHAIN  DRIVES.     Some  common  symptoms  of  improper  chain  drive  operation  and  their 
remedies  are  as  follows: 

1.  Excessive  Noise:     Check  alignment,  proper  chain  slack  and  lubrication.  Be 
sure  all  bolts  are  tight.     If  the  chain  or  the  sprockets  are  worn,  reverse,  or 
renew  if  necessary.     Frequently,  additional  chain  life  can  be  obtained  by 
turning  the  chain  over. 

2.  Wear  on  Chain  Sidewalls  and  Sides  of  Tei^th:     Re-iTiove  the  chain  and  correct  the 


3.  Chain  Climbs  Sprockets:     Check  for  poor  fit  between  chain  and  sprockets,  and 
replace  if  necessary.     Make  sure  a  tightener  is  installed  on  the  drive  chain. 

4.  Broken  Pins  and  Rollers:     Check  for  chain  speed,  which  may  be  too  high  for  the 
pitch.     Check  for  poorly  fitting  sprockets.     Replace  them  if  necessary. 
Breakage  may  also  be  caused  by  shock  loads. 

5.  Chain  Clings  to  Sprockets:     Check  for  incorrect  or  worn  sprockets,  or  heavy 
tacky  lubricants.     Replace  or  reverse  sprockets,  or  change  to  proper 
lubricant . 

6.  Chain  Whip:     Check  for  centers  that  are  too  long  or  high  pulsating  loads  and 
correct  the  problem. 

7.  Chain  Gets  Stiff:     Check  for  misalignment,  improper  lubrication,  or  excessive 
overloads.     Make  the  necessary  adjustments  and  corrections. 

8.  Spare  Links:     Check  to  see  if  spare  links  are  clean  oiled  and  ready  for  use 

9.  Guards:     Guards  should  be  properly  placed  and  secured. 

COUPLINGS.     Proper  alignment  of  the  coupling  essential.     If  the  coupling  is  not 
lined  up  it  will  cause  damage  or  excessive  wear  to  the  coupling  itself,  the  driven 
machinery,  or  rhe  driving  equipment.     Burned  out  bearings,  broken  shafts  and  excessively 
worn  feears  are  also  results  of  misaligned  couplings. 


alignment . 
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I-9g-lB.     The%hafts  are  s?rffghi  wJen         ear,  fn  tL"  ^°?^^  ^?  ^^^"^^ 
around,     it  is  a  eood  r^minl  if,  \    tu  ^'^^  coupling  is  the  same  all  the  way 

due  to  a  iJrn  gSage  tS  oS^r^^e^proSerlJ'^he^^ol^ni  f '  '""/^  ^"^""'^ '  ^^'^  ^^^^^^  -^or 
inch  out  of  line.  operate  properly  the  coupling  must  be  no  more  than  0.005  of  an 


Figure  I-9g-i.     Alignment  of  Couplings 

are  used  to  align  flexible  counli  n^r  ff      procedures  and  care  just  discussed 

bearing  or  .noto?  temperatL-e  Js  Jigh*.  alignment  should  be  checked  when  the 


Figure  l-9g_2.     Flexible  and  High  Speed  Coupling 


one  of'"?Je  s^e* strength ""^Tb'oJt'  or'''«'f  ^"^"H"         '"""'^^  "  ^'^^^^'^        ^^Pl^^ed  with 

and  operate  the  motor  for  a  short  timrl^h  ly.      u        ^^^^^^^^ate  the  parts  if  necessary 
corroded  or  rough  s^ts  on  the^LJ^  L^  ^  removed  to  smooth  out  any 

With  WB  or  QE  30  g^^^se.^^Jen  rejJLe^Ji^JTn^rpin .  "'^^  ^""""^^'^ 

More  information  can  be  found  in  AFR  91-26.  Chapter  4.   Section  B. 
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EXERCISE  I-9g 

INSTRUCTIONS 

Use  SW  J3ABR56631  000-1-9  to  complete  the  following. 

1.  Inspect  an  operating  electric  motor. 

a.  Is  there  any  unusual  noise  in  the  motor?  Yeis  -  No 

b.  Does  the  shaft  wobble  or  shake?  /es  -  No 

c.  Is  the  motor  securely  mounted?  Yes  -  No 

d.  Is  the  motor  overheating?  Yes  -  No 

e.  Are  there  any  sparks  coming  out  of  the  motor?  Yes  -  No 

2.  Inspect  after  operation* 

a.  Is  the  motor  dirty  with  mud,  grease,  rag  lint,  or  leaves  and  Yes  -  No 
grass? 

b.  Does  the  motor  have  an  oiling  hole  or  grease  zerk?  Yos  -  No 

c.  Are  the  electrical  wires  in  good  condition?  Yes  -  No 

d.  Are  there  any  exposed  wires?  Yes  -  No 

3.  What  is  the  reason  for  performing  daily  inspections?   


4,       List  three  possible  maintenance  problems  concerning  electric  motors. 

a .  

b .  

c . 


5.      Belts  and  chains  should  be  checked  for    and 


6.      Name  four  conditions  that  you  would  observe  during  a  daily  inspection  of  a  chain 
driven  piece  of  equipment. 


a. 
b. 
c . 
d. 


7.       What  is  the  purpose  of  a  sh^?er  pin? 


EKLC 


8.      inspect  the  coupling  between  the  motor  and  the  Peerless  Fluidyne  pump, 
a.      What  absorbs  the  shock  of  starting  and  pumping  vibrations? 


b. 


What  wrench  is  needed  to  loosen  this  coupling  from  the  shaft? 


PROGRESS  CHECK 

the  pJe;io1ri'Ss?rucUoL'°5o%S'°'?h'rorS.!^'-     "  T/^^'  ^°  -^^^  -me  of 

publication  and  coSJrolled  by  t^e  instr5c?or    Yorm^st'^drT""'  ^ 
instructor  supervision  and  complete"?t  pri'S^'to'^eaving  'for'She'dT"' 
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CHEMICAL  FEEDERS 


Water  treatment  usually  includes  the  addition  of  various  chemicals  at  a  controlled 
rate,  which  is  proportional  to  the  volume  of  the  water  being  treated.     The  three  types 
of  chemical  feeders  that  can  be  used  to  accomplish  this  are:     Solution  feeders,  Dry 
feeders,  and  Gas  feeders.     The  state  of  the  chemical  being  added  to  the  water  determines 
the  type  of  feeder  needed. 

Solution  Feeders 

Solution  feeders  are  used  for  dispensing  a  chemical  which  is  in  the  li(iuid  or 
dissolved  state.     The  rate  at  which  the  chemical  is  added  may  be  controlled  manually  or 
automatically  by  the  quantity  of  flow.     These  feeders  are  positive  d  ispiac  iinent  pistcn 
ift  diaphragm  pumps.     They  have  a  solid  metal  or  plastic  piston  or  a  rubber  diapiri^gm 
that  pulls  the  solution  into  the  pump  and  pushes  it  out  using  a  reciprocating  or  back 
and  forth  motion. 

A  hypochlor inator  is  a  common  example  of  the  chemical  solution  feeder.  Its 
principle  function  is  to  add  chlorine,   in  the  form  of  calcium  or  sodium  hypochlorite 
solution,  to  the  water  supply.     This  type  unit  may  be  used  to  add  other  chemicals  also. 
Hypochlorinators  are  usually  modified  positive  displacement,  piston  or  diaphragm  pumps, 
however,  hydraulic  displacement  hypochlorinators  are  also  used.     Figure  I-9h-l  shows  a 
typical  hypochlorinator  setup. 


VALVE 


Figure  I-9h-l.     Solution  Feeder  Used  With  a  Well 
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Dry  Feeders 


Dry  feeders  are  used  for  di 
form.  Like  solution  feeders  the 
manually  or  automatically  by  the 
feeders;  gravimetric  or  volumetr 
chemical  and  will  deliver  as  lit 
of  200,000  gallons  or  more  daily 
chemical  and  are  usually  used  fo 
which  are  commonly  fed  in  the  dr 
compounds.     Figure  I-9h-2  shows 


spensing  a  chemical  or  other  fine  material  in  the  solid 
rate  at  which  the  chemical  is  added  may  be  controlled 
rate  of  flow.     There  are  two  types  of  dry  chemical 
ic.     Volumetric  feeders  dispense  a  preset  volume  of 
tie  as  three  to  four  ounces  per  hour  to  treat  supplies 
•     Gravimetric  feeders  displace  a  definite  weight  of 
r  systems  of  5  million  gallons  a  day  or  more.  Chemicals 
y  condition  include  lime,  soda  ash,  and  fluoride 
a  gravimetric  dry  chemical  feeder. 


HOPPCR- 


9CALE  tEAM^ 


LEAD  8CRCW  DRIVE  ' 


AOITATOR  LEVERS- 


ROTOLOCK  FEEDER  - 


FLEXIBLE  CONNECTION  - 


-  ALA(^■ .  SWITCH 


>*LCAD  SCREW 


-  SCALE  SYSTEM 


-ROTATROL 


-OSCILLATOR 


^WEDQE 


Figure  I-9h-2.     Gravimetric  Dry  Chemical  Feeder 


Gas  Feeders 


The  gas  feeders  you'll  be  operating  while  in  the  Air  Force  will  usually  be  tias 
chlorinators.     There  are  two  types  of  gas  chlorinators;  direct  feed  and  JicLm  fe^^^ 

DIRECT  FEED  CHLORINATORS.     Direct  feed  chlorinators  feed  chlorine  gas  direct I v  into 
iJ«t:^'«^.^^^"^  i^^^^^^-     T^^^y          ^s^d  Chiefly  as  emergency  equipmeS?  o?  on  smau' 
JSaJ  2^  nir^'sincf  .H^°°H?        ^"f'  ^r^ss^^r^  It  tL  JatL  System  L  gJeJter 

than  20  psi.     Since  the  chlorine  is  under  pressure  as  a  gas  at  all  times  this  tvnP  of 
chlorinator  is  highly  susceptible  to  leaks.     Water  reacti  with  ?lor"e  ?o  J^rm ThiuJlv 
corrosive  acid,  so  any  leakage  results  in  extensive  corrosion  and  danger?  ^  ^ 

VACUUM  FEED  CHLORINATORS.     Vacuum  feed  chlorinatorc:  f*.*.H  ^h^^^^r,o  .  * 

supply  by  .eans  of  a  chlorine  solution /lL'=so?uU;:°Is  f'^Sed'Jy'drawfng  ^.s^T.ll 
a  jet  stream  of  water  at  the  low  pressure  point  of  an  ejector  mechanism.     Because  the 

jjj°rj:r?L?°j:rr  ™« ir?::^ 
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Figure  I-9h-3.     Vacuum  Feed  Chloriaator 
EXERCISK  I-9h 

INSTRUCTIONS 

Use  SW  J3ABR56631  000-1-9  to  complete  the  following. 
I.       A  hypochlorinator  is  an  example  of  which  type  of  chemical  feeder? 


2.       What  type  of  pump  is  commonly  used  for  solution  feeders? 


3.  What  are  the  two  types  of  dry  chemical  feeders? 

4.  Which  type  of  dry  feeder  diplaces  a  definite  weight  of  chemical? 


5.  What  are  the  two  types  of  gas  chlorinators?   

6.  Which  type  of  gas  chlorinator  produces  the  most  leaks? 

PROGRESS  CHECK 

You  should  be  ready  for  the  progress  check.     If  you  feel  you  need  to  review  some  of 
the  previous  instruction,  do  so.     The  progress  check  is  prepared  as  a  separate 
publication  and  is  controlled  by  the  instructor.     You  must  do  the  progress  check  under 
Instructor  supervision  and  complete  it  prior  to  leaving  for  the  day. 
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CHEMICAL  FEEDER  MAINTENANCE 


INFORMATION 

Safety  Precautions  and  Tool  Selection 

be  purged  of  the  chemical  in  them  before  working  on  thim      6as  ?eedpr^  .tt  1° 
be  in  rooms  with  forced  air  ventilation  in  case  o?  gas  T;aks      Itit/tLt  t^l^'^''^  , 

plastic  parts,  however    is  Jour  LJh  ^i^^^^io"-     The  only  tool  required  for 

because  Srenches°onjhe^%o^^U  SSuJd  ersJlJ^cra^^r^hrpJas;?^  pa^J^!'^  "^^^^"^^ ' 
Preventive  Maintenance 
SOLUTION  FfcihDKKS 

a.       Each  Day  the  equipment  is  operated: 
is  being  fed!  ^^^^^^^  sight-feed  indicators  to  insure  that  solution 

(2)  See  that  automatic  controls  start  and  stop  properly. 

(3)  Make  sure  there  is  enough  prepared  solution. 

(4)  Check  for  leaks  in  piping  joints  and  packing  glands. 

b.  Weekly 

indicator  ^^p^L^^^'^^f;  ^"'^  '^^^^^  '-'l^^^  ^"'^  plastic  parts  of  sight-feed 

c.  Monthly 

Clean  and  flush  solution  tank. 
(1)     Clean  suction  strainer  and  hose, 
valves.  nisassemble,  inspect  and  clean  solution  diaphragm  chambers  and  check 

(3)  Clean  screens  and  strainers  on  water-operated  feeders. 

(4)  Exercise  all  shut-off  valves  and  length  of  stroke  controls, 
d.  Annually 

Overhaul  feeders 

(1)  Replace  worn  parts  and  packing. 

(2)  Touch  up  and  paint  all  metal  parts. 
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DRY  FEEDERS 


a.  Each  Day  the  equipment  is  operated • 

Clean  and  Check.     Clean  feeder,  feeder  mechanism  and  sui roundings .     See  that 
scale  IS  sensitive  to  small  weight  changes.     When  the  feeder  is  completly  empty 
determine  its  tare  weight  or  see  that  the  scale  shows  zero  weight.     Look  for  oil  drips 
and  wiring  defects.     Observe  general  performance  of  feeder  and  changing  tare  weights  of 
the  scale.     Probe  solution  tank  for  sediment  or  undissolved  chemical.     Clean  the  tank 
and  improve  dissolving  conditions  if  necessary.     if  the  feeder  is  out  of  servic-  see 
that  the  hopper  and  feed  mechanism  are  empty  and  that  condensation  is  not  causing 
corrosion  or  deterioration. 

b.  Weekly 

Inspect  for  loose  bolts  and  defective  parts.     Carefully  wipe  clean  all  parts 
of  feeder  and  make  necessary  repairs. 

c.  Quarterly 

Service  drive  mechanism  and  moving  parts  according  to  manufacturers 
instructions . 

d.  Annually 

Overhaul  Feeder  and  Scale:     Disassemble  feeder  and  clean  and  inspect  all  parts 
for  wear  or  deterioration.     Clean  and  paint  feeder  inside  and  out  where  necessary.  Make 
required  repairs  and  properly  lubricate  all  mechanical  parts.     Service  motors  and  drive 
mechanisms . 

GAS  FEEDERS 

a.       Each  Day  the  equipment  is  operated. 

(1)  Inspect  for  leaks.     Examine  chlorinator  and  all  piping  for  chlorine  or 
water  leaks.     All  chlorine  leaks  are  serious  because  they  increase  rapidly  in  size  and 
cause  extensive  corrosion  and  damage.     Red  discoloration  means  scale.     To  locate 
chlorine  leaks,   hold  the  mouth  of  an  open  ammonia-water  bottle  near  all  joints,  valves 
and  along  pipes;  any  white  fumes  from  the  bottle  are  ammonium  chlorido  and  indicate  a  ' 
chlorine  gas  leak.     Keep  the  ammonia-water  bottle  tightly  closed  when  not  in  use  to 
prevent  a  loss  of  strength. 

(2)  Operate  Chlorine  Valves.     Open  and  close  all  chlorine  valves  to  keep 
threads  on  the  valve  stems  from  becoming  set  in  one  position.     Do  not  use  force  to  close 
a  valve.     Check  stuffing  boxes.     Repair  or  replace  faulty  valves  at  once. 

(3)  Check  Gas  System.     Check  to  see  that  all  pipes  and  parts  that  carry 
chlorine  gas  are  operating  properly.     See  that  metering  devices,  pressure  reducing  and 
shut-ofl  valves  function  properly.     Disassemble  and  clean  where  necessary,  determining 
the  cause  of  the  fault.     At  first  sign  of  weakening,   replace  any  faulty  parts. 

(4)  Check  Vacuum  Relief.     Make  s  ire  that  the  entire  assembly  operates 
properly  and  that  the  relief  hose  is  not  plugged.     Insects,  such  as  mud  daubers,  may 
plug  such  lines  by  building  nests  in  them. 

b.  Weekly: 

Throughly  clean  chlorinator  cabinet,  glass  parts,   floats,  metering  devices 
and  other  parts  in  which  dirt  might  interfere  with  the  operation  or  make  equipment 
unsightly.     Clean  and  cover  bare  metal  that  might  corrode,  with  a  good  film  of 
petrolatum  or  similar  protective  compound. 

c .  Monthly : 

Check  water  system.     Clean  the  water  strainers  and  check  pressure-reducing 
valve  for  proper  operation.     See  that  float  valves  are  properly  controlling  water  levels 
and  that  there  is  Utile  or  no  loakag*^.     See  that  wator  flowing  to  waste  is  not 
excessive  and  that  water  levels  are  kept  at  their  proper  elevations.     See  that  ejectors 
have  the  right  capacities.     If  they  do  not,  remove  and  clean  with  muriatic  acid. 
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d.  Quarterly: 


nisassemble  or  Operate  Hard  Rubber  Threads,  Valves    and  Part<;      u.r^H  kk 
threads  or  parts  on  a  chlorinator  fr*^*^^^  u  ana  i^arts.     Hard  rubber 

this  will  cSuse  them  to  bJeik  i?eu  Jhly  are  dJsasJS  "P^f^^^'^  1°"^  periods, 

freezing,  operate  all  Darts  needed  to  disassembler     To  l^eep  the  threads  from 

e.  Annually: 

chlorinato^'iab?L%'\^"side'L"'o:f  irth'^usi"""  ^'l  '^J^-^-^-  P-^s  thoroughly.  Paint 
Chlorinator  part.     Reasse^blf anS'cheJl:  fof^rop^r^'ope'r^JJo::     '"^'"''^  ^^^""'"^  ^^'^'^ 

alcohol  and  tri^SLrX?eL^ '\'?teJ';ioanC  Ti^T.\l°  ^^""^ 
dry  the  lines.     Ethyl  alcohol  or  etLr  must  loT        n °^  solution  to  evaporate  to 
form  a  solid  waxy  substance  wh?ch  L  verrdif?rcSrt  tfremov^^    ITl  with  chlorine  to 
Chlorine  to  form  a  highly  corrosive  acid!  ^°  remove.     Water  reacts  with 

Therefore.  they^siouJd^OT  be'JIed 'arJuSL'ant's"!;""  '^''''^  "  ^^"^^^^  substance, 

contact  with  chlorine!  ~  lubricants  at  points  where  they  may  come  in 

corrode  scales  ill  o?L"^\\^:^;m\"n^\^^^^t\e°\y^'^ °d1r"^  TuITLTT'  V 
=  .^^m— ff\^ce-"io-noJ  l^Slii^—^S^^^^  ^'^^ 

exposed  to  direct  sun  heat  or  nljrJte^^f  irL^^^I?  u'nL'^SJ-^iSe^'^^iirle^rorhea?!  ' 
you  replace  emp^y ^hl"^^  n^"c^^^:d1r^!^1L\^^^^j:E  L°ad \?:sL%\ ^  ^ 

for  an'tJJls^^f^fl^deJs  "'pof  mo?e  JneJiSr'  ^^^^-^  -^ove  are  general  procedures 

the  manufacturers'  splcinca?ionsy    ^^^'^^''^  Procedures  you  should  refer  to  APR  91-26  or 

CHEMICAL  FEEDER  DISASSEMBLY/ INSPECTION/  AND  REASSEMBLY 

With  Se'^'S^iru^S^n  pjo'cld^^es'^n'She'm'Jcar reassembly.     Read  and  be.ome  familiar 
instruction,  you  will  Se  Kiven  a  nrolr^^^          v'^^,"*     "P°"  '=°'"Pletion  of  this  area  of 
inspection  procedures.  progress  check  along  with  the  units  to  accomplish  the 

Chemical  Solution  '^eeder 

DIt>ASi>t;MBLH:  UNIT 

1.  Remove  suction  and  discharge  tubing 

2.  Remove  poppet  valves 

3.  Remove  four  (4)  screws  and  pump  head 

4.  Remove  flexible  diaphragm 

5.  Remove  rubber  boot 
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INSPECT  COMPONENTS 


6. 


Inspect  for  cracks  and  tears  on  rubber  boots  and  flexible  diaphragm. 


7, 


Inspect  for  cracks  on  plastic  pump  head. 


8. 


Check  the  0-rin^  for  worn  areas  and  cracks. 


9 


Insure  chemical  passage  channels  are  clear. 


10.  Insure  poppet  valves,  are  free  from  scale  or  chemical  buildup  -  insure  valves 
seat  properly. 

11.  Check  to  insure  chemical  feeder  lines  are  unobstructed. 
REASSEMBLE  UNIT 


12. 

Before  installing  feeder  parts,  turn 

feeder  control  knob  to  #10  feed  rate. 

13. 

Install  rubber  boot  on  pump  shank. 

14. 

Install  rubber  diaphragm. 

15. 

Install  plastic  pump  head  with  four 

(4)  screws . 

16. 

Install  suction  and  discharge  tubing 

and  poppet  valves. 

17. 

Prime  the  chemical  feeder. 

18. 

Operate  the  chemical  feeder  and  pump 

a  liquid  through  the  feeder  lines. 

19. 

Adjust  control  knob  to  #6  feed  rate. 

Dry  Chemical  Feeder 


Disassemble  Unit 


Inspect  Components 


Reassemble  Unit 
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Gas  Chemical  Feeder 

Disassewble  Unit 

1.  Remove  upper  and  lower  half  unions 

2.  Remove  back  screws 

3.  Remove  back  panel 

4.  Remove  diaphragm  guide  plate  assembly 

5.  Disassemble  diaphragm  guide  plate  assembly 

a.  unscrew  top  plate 

b.  remove  diaphragm 

6.  Remove  flowmeter 

a.  remove  top  fitting 

b.  remove  glass  window 

c.  rejROve  bottom  fitting 

d.  remove  bottom  seal  plug 
I nspect  Componen ts 

1.  Check  half  unions  for  cracks,  cross  threading. 

2.  Check  back  and  front  body  assemblies  for  cracks,  corrosion. 

3.  Check  diaphragm  guide  plates  and  diaphragm  for  cracks,  tears,  corrosion 

4.  Check  flow  meter  for  dirt,  obstructions. 

5.  Check  seal  plug  and  O-rings  for  cracks,  leaks. 
Reassemble  Unit 

1-       Install  flowmeter 

2.  Install  diaphragm  and  guide  plate  assembly 

3.  Install  front  and  back  panels. 

4.  Instal'   upper  and  lower  half  unions. 
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EXERCISE  I-"9i 

PART  1 

INSTRUCTIONS 

NOTE:     These  procedures  apply  (in  general)  to  all  chemical  feeders. 

1.  Disconnect  the  power  from  the  source. 

CAUTION:     Do  not  perform  maintenance  on  any  equipment  unless  the  power  source  is 
disconnected. 

2.  Disconnect  the  solution  lines* 

CAUTION:     Do  not  let  the  solution  come  in  contact  with  the  skin. 

3.  '  Refer  to  the  mnuf acturer ' s  instructions  for  further  disassembly  procedures.  (94 

Series  Solution  Metering  Pump  instruction  book.) 

PART  2 

NOTE:     Use  the  P4  Series  Solution  Metering  Pump  instruction  book  to  answer  the 
following  questions . 

4.  What  type  of  tool  is  used  to  loosen  and  tighten  four  head  bolts  on  solution  feeder? 

5.  What  must  you  check  the  diaphragm  and  boot  for  after  disassembling? 


6.       What  is  the  indicator  knob  set  on  before  reassembling? 


7.  All  plastic  parts  must  be    tight. 

8.  If  solution  feeder  pump  doesn't  pump  solution,  there  are  two  things  to  check  for, 
what  are  they? 

a.  

b. 


pr(XjRESs  check 

You  should  be  ready  for  the  progress  check.     If  you  feel  you  need  to  review  some  of 
the  previous  instruction,  do  ^^o.     The  progress  check  is  prepared  as  a  separate 
publication  and  controlled  by  the  instructor.     You  must  do  the  progress  check  under 
instructor  supervision  and  complete  it  prior  to  leaving  for  the  day. 
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MEASURING  DEVICES 


INFORMATION 

They  'tTloTi:\nl\i'r.^^^^^^^  volume  and  rate  of  flow  of  water. 

differentJal.  princ.pies  -  volume  displacement,  velocity  or  pressure 


Types  of  Measuring  Devices 


Three  of 


consiSi'oi  ."itlLlU  or1am'°acro%%"%\e"?Jan'ner°  '^^""^'^  °^  *  weir 

specially  shaped  notch  moun?^d  on  ?he  J?e2f      ?L  vof^^*"         ^  ^^^"^  ^^^el  crest  or 

with  length  Of  the  crest  or  shape  and  sS  of             l^^  °I  '^i^  varies 

water  surface  above  the  crest  ortSe  boi?om  of notch  and  with  the  elevation  of  the 

cross-sectional  area  of  now  o^er 't'L'Sei?  vaJy^i^rthe  f  l^''rt% 
measuring  device,    weirs  are  easilv  h„iit  =„h  L      -  7  f  *  ^^^ad  area 

proper ly^nstalled.     TSI  mJst  common  jJil  of  ^"''''^^  accurate  measurement  if 

Rectangular  weirs  are  useS  for^J^SSs  oTr  llo  to  loo'lo^"'!  '^i^' 
beveled  metal  plate.  The  V-notch  leirrs  pref err^?  f o^f i "  sharp 
particularly  suitable  for  very  low  flows!  ^^'^  less  than  I.OOO  gpm  and  is 

WATER  METERS,     Water  meters  are  deviceR  that  ar*^  ^  ^ 

for  measuring  and  registering  the  auantiirof  Installed  in  a  pipe  under  pressure 

main  types  of  water  meters  a^erposJSvrJisplJcemenr'tnrL  1''°"'*'         P^P^'  ^^^^ 
and  venturi  meters.  pot.itive  Displacement .  turbine  or  velocity,  compound, 

.^s.oTll'7Zlf^r.TlTs^  rasS??;g"L%?Jl^iS^rd^°rL:r:  -^^r^  ^  -oscinating 

number  of  times  the  measuring  chamber  is  filled  «L  li;^f  ^  '"^^^s?^'"  "count"  the 
meters  are  often  used  when  the  f?Sw  In  ?he  Un^  t«  .o^£?*-f '^""'^^  displacement 
should  be  accurate  within  plus  or  m inn «  51  I  consistently  low.     These  meters 

this  type  meter  restrlSJs  JJ^flow  or^a^er^'Fl^Jj^^'^i/f^'/^^^^- 

meter.  water.     Figure  I~9j-1  shows  a  nutating  disc  water 


Figure  I-9j-l.     Nutatlng-Disc  Water  Met 
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Current  Velocity.     The  current  meter  or  turbine  type  meter  uses  a  propeller  device 
that  depends  on  the  velocity  of  the  water  to  turn  the  recording  mechanism.     These  meters 
do  not  restrict  the  flow  as  much  as  high  flow  rates.     Their  chief  disadvantage  is  that 
they  will  not  accurately  measure  low  flow  rates  (see  figure  I-9j-2). 


Figure  I-9j-2.     Current  or  Turbine  Type  Meter 

Compound.     The  compound  meter  is  a  combination  of  a  positis^e  displacement  and  a 
velocity  meter.     At  low  flow,  all  the  water  is  forced  through  the  positive  displacement 
met3r.     When  the  velocfty  increases,  a  weighted  check  valve  opens  and  allows  most  of  the 
wat.ir  to  pass  through  the  velocity  meter.     Thus,  the  advantages  of  both  meters  are 
utilized  (see  figure  I-9j-3)- 


Figure  I-9j-3.     Compound  Meter 
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venture  or  an  orifice  in  a  p^Je  Sdi^a^es  ?Se  Ji?e*of  5^^^'"^^^^^  differential  through  a 
water  from  recorder  charts  (see  figure  ifgj-l)"  ^^e  volume  of 

^  VINTUtlMITII 
iHtOAT 


0 


cfftpici  Mini 


M«<w«  rnsioM       low  mium 

Figure  I-9j-4.     Venturi  Meter  and  Orifice  Meter 

considerable  restriction  to  the  flo"  S;rrs'^Lcu°r\t'e°:t^\1^now''ra?Isf ''^^  "^'^^  '^'^"^^^ 

cost  L're^^Sln^oth^rLisu^JSg  Jn^Jrrnd'JS"  °L's^  1?°*  "^^"^^"^  '•-^-^     ^^^^^  ^l^o 
I'ull.     They  are  not  often  used  in  was?eJater'p?ints!    ''''  ''^^  ^^'P^ 

PARSHALL  FLUME.     The  Parcshan    fi,im«  ^ « 
because  it  is  simpi;  and  his  nS  pioM^s  iith^fnn""^  '°  "^^""^^  wastewater  flow 
can  build  a  Parshall  flume  fJfo^^n  Figure  i  oi'r''or''H''  ^'^^  "P^^^^^^^ 

basic  parts  of  a  flume  are  the  converging  sec?Jon    Z  con;try.5  f^'"^*''^  ^"^1^-  The 

aiverging  section,  a  float  or  gauge,  '  section  or  "throat",  a 


Figure  I-9j-5.     Parshall  Flume  with  Metering  Device 
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still  Well.     A  still  well  is  a  small  well  located  on  the  side  of  the  Parshall  flume 
and  connected  to  it  by  a  pipe.     The  connecting  pipe  should  have  a  valve.     The  valve  is 
to  be  wide  open  at  all  tines  except  for  cleaning  and  repairs.     The  pipe  shoulci  be  large 
enough  for  easy  cleaning  and  should  be  level  or  should  slope  toward  the  flume.     A  ^loat 
well  drain  is  usually  provided  to  make  cleaning  the  float  well  easier.    Vhis  allows  the 
v?ater  in  the  float  well  to  stay  at  the  same  level  as  the  water  in  the  flune.     The  float 
well  or  stilling  well  should  be  located  upstream  from  the  throat.     It  should  be  2/3  of 
the  way  up  the  side  of  the  coverging  section.     The  still  well  gauge  is  often  connected 
to  a  device  which  measures  the  "head"  in  the  flume  and  records  the  flow  in  gallons  per 
minute,  or  gallons  per  day.     The  flow  may  also  be  checked  by  placing  a  measuring  stick 
in  the  flume  at  the  same  place  as  the  float  well  and  reading  the  head  in  inches.  Once 
the  head  is  measured,  it  can  be  used  to  find  the  flow  in  million  gallons  per  dr,>, 

A  flow  of  clear  water  should  be  sent  into  the  still  well  (float  well)   ru  ke^ep  a 
flow  from  the  well  to  the  flume.     This  will  be  of  great  help  in  preventing  accum.il  ation 
of  solids  on  the  float,  walls  of  the  float  well  and  in  the  connecting  pipe.     If  d-Lnking 
water  is  the  source,  the  supply  pipe  should  stop  at  least  two  inches  above  the  top  wall 
of  the  gauge  well,  thereby  preventing  pollution  by  cross  connection. 

RECORDERS.     Recorders  are  devices  that  translate  the  action  of  the  water  flow  on 
the  primary  element  in  terms  of  water  quantity  or  rate  of  flow.     These  devices  are 
circular  clock  driven  charts  or  strip  charts  where  the  flow  rate  is  reflected  by  the 
movement  of  a  pen  upon  the  chart.     The  pen  traces  a  continuous  ink  line  on  the  round  or 
strip  chart  which  is  ruled  so  that  a  direct  reading  can  be  made  of  the  volume  of  flow. 
The  chart  is  marked  to  represent  the  hours  in  a  day.     Recorders  may  be  used  with  an  type 
of  measuring  device. 

Reading  Meters/Recorders 

Water  is  measured  in  terms  of  flow  rate  or  total  volume  passing  in  a  unit  of  time. 
When  reading  a  meter  or  a  recorder,  the  operator  should  first  determine  whether  it  is 
measuring  the  water  volume  in  cubic  feet  or  in  gallons.     Two  general  types  meter  dials 
are  the  straight  reading  type  and  the  circular  reading  type.     The  straight  reading  dial 
may  be  read  in  the  same  way  as  the  mileage  on  an  automobiles'  odometer.     When  the  meter 
register  has  one  or  more  fixed  zeros  be  sure  to  read  these  fixed  zeros  in  addition  to 
the  other  numerals.     In  the  circular  reading  dial  when  a  hand  is  on  any  scale  in  between 
two  numbers,  the  lower  number  is  read.     If  the  hand  seems  exactly  on  any  figure,  check 
the  hand  on  the  next  lower  scale.     If  the  hand  has  passed  the  zero,  read  the  figure  on 
which  the  questionable  hand  lies,  if  the  lower  scale  has  not  yet  passed  the  zero  read 
the  next  lower  figure. 


Figure  I"-9j-6 
Straight-Reading 
Meter  Dial 


Figure  I-9j-7 
Circular-Reading 
Meter  Dial 


EKLC 


M7 


EXERCISE 

INSTRUCTIONS 

using  SW  J3ABR56631  000-1-9  answer  the  following  questions. 
1.      List  the  three  most  comraon  types  of  measuring  devices, 
a. 

b.  ■  


2. 


List  the  four  types  of  water  meters, 

a.   

b.   

c.   

d. 


3.      Positive  displacement  meters  use  an 
to  drive  the  register  or  totalizer. 


or  a 


4.  What  is  disadvantage  of  a  current  velocity  or  turbine  meter? 

5.  What  is  the  principle  of  operation  in  a  venturi  or  orifice  meter? 


PROGRESS  CHECK 

publication  and  controlled  by  the  insfrS^Jor      Von  Jfi-^r^^^'^        ^  separate 
instructor  supervision  and  co'™;je%e°?r;?Jor 'to'L^av^ng  ?o°r 't'he';:?^''  '''''''  ""'^^^ 
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MEASURING  DEVICE  MAINTENANCE 


Servicing  Meters/ Recorders 

Repair  and  maintenance  of  the  different  meters  are  very  similar.     The  common 
failures  are  due  to  swollen  discs,  scale  clogged  chambers,  worn  measuring  discs  and 
chambers,  or  corrosion  in  the  meter.     A  water  meter  should  operate  5  to  10  years  without 
trouble.     A  meter  that  loses  its  accuracy  in  a  short  time  can  usually  be  corrected  by 
being  cleaned  and  having  the  clearances  rechecked .     Hot  water  will  swell  the  hard  rubber 
disc  and  stop  the  meter. 

Cleaning  must  remove  rust,  scale  and  any  organic  material.     You  can  remove  .^calt 
and  corrosion  by  a  brief  application  of  hydrochloric  (muriatic)  acid  dilute.^  r.o  5X. 
Organic  matter  requires  detergent  solvents  for  removal. 

You  can  watch  the  action  of  a  water  meter  by  observing  the  gallon  indicator  on  the 
register  as  water  flows  through  the  meter.     Use  a  flow  rate  of  about  5  gallons  per 
minute  for  a  meter  up  to  1  1/2  inches.     If  you  see  no  movements,  remove  the  register  and 
watch  the  drive  gear  for  movement.     If  the  drive  gear  does  turn,  the  register  is  faulty 
or  the  drive  gears  are  out  of  mesh. 

You  can  check  a  meter  for  accuracy  by  placing  it  in  series  with  a  meter  known  to  be 
accurate.     This  method  is  accurate  enough  for  meters  used  for  water  treatment 
monitoring.     For  very  accurate  measurement,  check  the  meter  by  flowing  a  measured  volume 
of  water  through  it  (see  Figure  I-9k-l). 


GOOD  METER  DOUBTFUL  METER 


Figure  I-9k-l.     Testing  Water  Meters 
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Daily  servicing  of  records  includes: 

1.  Changing  the  charts  (Round  charts) 

2.  Aligning  the  chart  with  the  correct  time 

3.  Checking  the  ink  pen  for  ink  supply 

Lift  lit  irn\e:tir2el  y"ou  r:n,ovTrcha'rt''"ir:o"u'°r  T""^'  '^^^^^  -  ----^er. 
the  morning,  be  sure  that  you  tS^^  the  cSI*i  J  th«t  ^^"o  \  '^^^^^  »  o'clock  m 
under  the  pen.     Be  carefu/not  to  dJSp  ?Je  Jen  when  vo.^^  ^  ?  ^'"^  "^^^  directly 

you  add  ink  to  the  pen.  be  careful  -o  nut  in  «n7    ?v,^      replace  it  on  the  chart,  wher 
the  pen  will  flood  U  and  rSin  the  cL?t!  ^""^  required.     Too  much  inUn 

time.'^llThe\°h:;t\:ra'^sp\^J„g';JivT  Tnl'lll  tVl'  """^         ^'^^  ^^"^^^ 

that  the  mechanism  will  be  dimmed.  ''"^        not  .wind  it  so  tight 

speciScaL'Sn""  'L^'n^nSf? j^iSJ^fcLTkLr .er^^^^^?  manufacturer's 
Cleaning  all  parts,  and  lubricating  aU  moving  Urtl".        '  ^  ^'^'"^  calibration. 

Disassembly/ Reassembly  Procedures 

Read  acd  become  familiar  with  th^  inc^r.,,^*.*  

reassc-.bly  of  a  water  meter!    VpTn  JS^ple?iJS  of  ^hf^''^'"''^^  ?"  disassembly  and 
given  a  progress  check  concerniSg^nS^Srof  a  ia^ermet^r.'"'*'"'^"^" 
METERS 

1.      Disassemble  and  reassemble  a  water  meter. 

a.  Set  the  Hersey  meter  on  tbe  workbench. 

b.  Remove  the  large  flange  bolts. 
Lift  the  top  body  of  and  lay  it  on  its  side. 

Notice  the  filter  screen  at  the  inlet  port. 

Now  look  at  the  bottom  of  the  too  «:eption      m^  +  <^  ^i. 
the^spinner  with  your  f ing^'anTwl tch^S^Je  .lll'H  ITe  ^^.^'^ 

Trol^h  Jhe'm^ie^r?'"*         "^^^^  ^^^^^^^^  of  water  flowing 

??ange"'nuts'f;;'=bof;:  '°?ig\^LT;hr  ^-^^^^  tne 

will'be  taken "apa^ilgain'^eJrsJSrt?;!'  ^nl^.  as  the  .eter 


c, 
d, 

e . 
f . 


h. 


PROGRESS  CHECK 


You  should  be  ready  for  the  orokcress  rhprk       if  *  i 

the  previous  instruction  do  so.     ?he  prSres^^^^  '^^^^                    ^^^^  of 

publication  and  controlled  by  the  instructor      v^^  prepared  as  a  separate 

instructor  supervision  and  co'mJL%e\lTrior"to'L\?i^  Jor't'he";:?^ 
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BACKFLOW  PREVENTION 


Public  health  standards  require  that  all  parts  of  a  water  supply  system  be  free 
from  sanitary  defects  and  health  hazards.     Any  physical  connection  between  a  supply  of 
good  quality  and  an  unsafe  supply  will  not  be  permitted.     This  includes  any  connections 
hfltwf.'«n  a  potable  supply  and  a  sanitary  or  storm  saw&^o.  system.     You  must  ulsn  bc^  wary 
of  manholes,  pumps,  valve  pits,  or  any  other  location  that  will  allow  unsafe  or 
contaminated  water  to  enter  the  potable  water  supply. 

Backf low 

Backflow  is  the  flow  of  water  or  other  liquid  mixtures  or  substances  in^.^ 

distributing  pipes  or  a  potable  supply  of  water  from  one  or  more  sources  oMm  r  cliat,  » 
intended  source.                                                                                                   .  ■ 

CAUSES.     Backflow  conditions  frequently  occur  because  of  carelessness  of  The  user. 
Other  causes  of  backflow  are  improper  plumbing  design  and  modifications  in  the  plumbin- 

TYPES.     There  are  two  types  of  backflow  which  can  occur  in  a  water  system* 
bacKsiphonage  and  backpressure.  * 

Backsiphonage.     Backsiphonage  is  reversal  of  the  normal  flow  in  a  system.     it  is 
caused  by  negative  pressure  in  the  supply  piping.     This  can  be  illustrated  by  covering 
the  procedures  for  winterizing  water  lines.     After  turning  off  the  water  to  a  building 
you  open  both  the  high  and  low  faucets  in  the  building  to  drain  the  system.     if  you  now 
put  your  finger  in  the  opening  of  the  higher  spout,  you  feel  a  vacuum  as  the  system 
drains.     This  negative  pressure. 

Here  is  an  example  of  how  backsiphonage  can  and  does  occur: 

A  pump  (such  as  a  fire  engine)  is  connected  to  a  water  main  near  a  ^uilding.  The 
suction  at  that  point  lowers  the  pressure  and  water  in  the  system  on  both  sides  of  the 
pump  would  be  pulled  to  that  point.     Some  water  would  be  pulled  back  even  if  all  the 
outlets  were  closed.     If  an  outlet  were  open  all  water  in  that  part  of  the  system  would 
be  siphoned  back.  ^ 

Bajkpressure.     Backpressure  is  a  positive  pressure  placed  on  any  downstream 
component  of  a  system  relative  to  any  upstream  component.     A  good  example  of  how 
backpressure  could  occur  involves  a  boiler  system  and  the  feedline  to  the  boiler.  Tf 
the  boiler  operates  at  20  psi ,  everything  is  fine  as  long  as  the  pressure  in  the 
feedline  stays  above  20  psi.     However,  :;f  the  feedline  pressure  drops  below  the  boiler 
pressure,  then  the  contaminated  water  in  the  boiler  will  flow  into  the  supply  line  and 
possibly  into  the  water  main. 

Cross  Connection 

The  three  causes  of  backflow  mentioned  earlier  all  result  in  something  known  as  a 
cross  connection.     A  cross  connection  is  any  hookup  or  piping  arrangement  that  allows  a 
path  of  flow  between  a  potable  water  supply  and  another  water  source  of  questionable 
quality.  ^ 

Types  of  Cross  Connections 

In  order  to  identify,  correct  or  provide  protection  from  cross  connections,   it  is 
important  for  you  to  understand  the  types  of  piping  arrangements  you  might  encounter. 
There  are  two  types  of  cross  connections.     They  are  the  direct  and  indirect  type 
connections.  *^ 

DIRECT.     A  direct  cross  connectio:  occurs  when  a  potable  water  line  is  connected  to 
a  line  carrying  a  non-potable  liquid.     The  example  used  to  illustrate  backpressure  is 
also  an  example  of  a  direct  type  cross  connections. 

INDIRECT.     Indirect  cross  connections  are  made  thousands  of  times  a  day.     If  a  ho- - 
is  connected   to  a  potable  supply  and  the  other  end  is  submerged  in  a  container,  you  havo 
an  indirect  cross  connection  and  the  possibility  for  backflow.     Il  thi.s  hose  were 
connected  to  the  faucet  that  was  left  open  in  the  example  with  the  fire  pump  you  can 
easily  see  how  backsiphonage  could  result  in  a  potential  hazard  to  the  consumer. 
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Hazards 


CLASS  II,  MODERATE  DEGREE  OF  HAZARD.     The  backflow  of  «   rifl^  tt       k  ^ 

CLASS  III,  HIGH  DEGREK  OF  HAZARD.     The  backflow  of  a  Class  II T  «.uh«t«n^o 
potable  water  supply  could  cause  illness;  r.r.  ^ZZth  iZ  ^  f  substance  into  the 

Types  of  Backflow  Preventors 

In  this  section,  we  will  discuss  five  methods  of  preventin,^  backfinw      nn^        ^i.  ^ 
methods  is  physical  while  the  others  are  mechanical?    ^''^'^^^^^"^  backflow.    One  of  these 

Atmospheric  Type.     The  atmospheric  type  vacuum  breaker  is  simolv  a  bodv  „hirh 
houses  a  poppet  that  serves  as  a  check  valve  i.  two  direction^^'1f [s  us^d^n'f^laes  I 

th-t  f^®^^"'"^  JyP^-  The  pressure  vaccura  breaker  differs  from  the  atmo8phe-ic  tvt,e  in 
f  SazaS.^^'^  separated  into  two  spring  loaded  check  valves.     S°is  used  o^a  CI 

Double  Check  Valve.     A  double  check  valve  is  composed  of  two  sorinit  loaded  r-h^r-v 

may  be  used  on  any  class  of  hazard.  vaive  oexween  tnem.  They 

SUMMARY 

Your  job  is  to  furnish  a  good  aualitv  of  drinkinti'  wn+*^r  ^^/^^  koc.« 


ass 
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EXERCISE  1-91 

INSTRUCTIONS 

Use  SW  J3ABR56631  000-9  to  complele  the  following  statements. 
1.      What  degree  of  hazard  is  caused  by  a  substance  that  creates  a  minor  change  in  the 
water  quality?  


2        A  cross  connection  that  would  cause  significant  change  in  the  potable  watv:t  quality 
would  be  given  what  classification?   


3.      What  classification  would  be  given  to  a  cross  connection  that  would  cause  people  to 
become  ill  or  die? 


4.  Which. type  of  backflow  preventer  can  be  used  only  on  Class  I  substances  not 
subjected  to  continuous  pressure?   

5.  Which  type  of  backflow  preventer  can  be  used  in  a  continuous  pressure  system  to 
prevent  back-siphonage  of  Class  I  substances  only?   


6.  Which  type  of  backflow  preventer  can  be  used  to  protect  the  potable  water  system 
from  Class  I  and  II  substances  but  not  Class  III  substances? 

7.  Which  type  of  backflow  preventer  should  be  used  in  a  direct  connection-type  systen. 
to  protect  the  potable  water  supply  from  a  Cless  III  substance?   


8,  Which  type(s)  of  backflow  prevention  devices  can  be  used  to  {protect  the  potable 
water  system  from  Class  III  substances?  _^  

9.  How  does  an  air  gap  protect  the  potable  water  system  from  backflow?   


PROGRESS  CHECK 

You  should  be  ready  for  the  progress  check.     If  you  feel  you  need  to  review  some  of 
the  previous  instructions,  do  so.     The  progress  check  is  prepared  as  a  separate 
publication  and  controlled  by  your  instructor.     You  must  do  the  progress  check  under 
instructor  supervision  and  complete  it  prior  to  leaving  for  the  day. 
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OPERATION  AND  MAINTENANCE  OF  BACKFLOW  PREVENTERS 

listeJ[%!;rtvJl^o"tJwfo^  ^"'^  '^r^  °^  '^^^^^  connections,  classes  of  hazards,  and 
xistea  tne  type  Ox  backflow  preventers.     In  this  section  you  will  learn  nhnnt  th« 
operation  and  maintenance  of  these  devices. 

Operation  of  BackfJow  Preventers 

operaJLJl!^^  '^^^  '^^^^  °^  backflow  preventers  and  their 

by  an'^i[;r°sp;ce''?fieurf  ?  ^''''''It''^^  separation  of  the  potable  and  nonpotable  system 
fi^^i       ,  (figure  I-9ni-l).     The  vertical  space  oetT/een  the  suddIv  line  anri  rh^ 

floodlevel  rim  must  be  at  least  two  times  the  inside  diameter  of  ?Se  sLdJ?  oioe  it 


•NOTE: 


This  is  the  only  positive  method  of  backflow  prevention. 


Figure  I-9m-l,     An  Air  Gap 
JiL^^,""?"'  TKls  ""l"  -Mt  be  installed  on  the  d?"b.S  s?de  o?  tSe  JIsJ' 


Figure  I-9m-2.     An  Atmospheric-Type  Vacuum  Breaker 
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PRESSURE-TYPE  VACUUM  BREAKER.     This  device  prevents  back-siphonage  of  Class  I 
substances  into  a  potable  water  supply.     It  may  be  used  under  continuous  pressure,  but 
must  not  be  subjected  to  back-pressure.     This  device  has  a  moving,  spring-loaded  disc 
float  and  check  valve  in  the  body  (figure  I-9m-3).     A  gate  valve  is  on  DOth  the  inlet 
and  the  outlet  of  the  body.     The  body  also  has  test  cocks  on  it.     When  the  supply  line 
pressure  drops  to  1  psi  or  below,  the  spring-loaded  disc  float  opens  the  atmospheric 
vent.     At  the  same  time,  the  spring-loaded  check  valve  closes  the  inlet.     This  keeps  a 
vacuum  from  occurring  on  the  discharge  line;  tL;.s  there  is  a  no  back-siphonage . 

During  the  normal  operation  of  the  device,  the  flow  of  water  through  the  device 
pushes  open  the  check  valve.     The  flow  also  lifts  the  disc  float,  which  closes  the 
atmospheric  vent,  thus  preventing  leakage.     This  device  must  be  Installed  abo.^' 
overflow  level  of  the  system  being  supplied. 


Figure  I-9m-j.     A  Pressure-Type  Vacuum  Breaker 

DOUBLE  CHECK  VALVE.     The  double  check  valve  (figure  I-9m-4)  is  used  in  direct 
connection-type  systems  to  prevent  the  backflow  of  Class  I  and  II  substances  into  the 
potable  water  supply.     It  can  be  used  in  continuous  pressure  systems  subject  to 
back-pressure  or  back-siphonage.     This  device  has  two  independently  operating, 
spring-loaded  check  valves  in  the  body*     There  is  a  gate  valve  installed  before  and 
after  the  device.     The  device  also  has  four  test  cocks  on  it.     The  spring-loaded  check 
valves  close  tight  when  the  water  pressure  flowing  through  the  device  drops  below  1  psi 
or  when  the  flow  reverses.     If  one  check  valve  fails  to  close,  it  does  not  affect  the 
operation  of  the  other  check  valve.     It  will  still  close  tightly.     (NOTE:     The  double 
check  should  not  be  used  to  protect  the  potable  water  system  from  Class  III  substances.) 


Figure  I-9m-4.     A  Double  Check  Valve 

REDUCED  PRESSURE  PRINCIPLE  BACKFLOW  PREVENTER.     This  type  ru  backflow  preventer 
(figure  I-9d-5)  may  be  used  on  all  direct  connection-type  systems  to  prevent  the 
backflow  of  all  three  classes  of  substances  into  the  potable  water  supply.     This  device 
is  used  in  continuous  pressure  systems  subject  to  back-pressure  or  back-siphonage.^  It 
has  two  independently  operating,  spring-loaded  check  valves  in  the  body.     A  pressure 
differential  relief  valve  is  located  in  a  reduced  pressure  zone  between  the  two  check 
valves.     Shutoff  valves  are  installed  before  and  alter  the  device.     Four  test  cocks  are 
installed  on  this  device  for  testing. 


9^^6 

EKLC 


predetermined  a:o;nt?'°Th1;  iTVllll  Trlls'^ilLlTll?  LI  It'^clilll'''  'T'''''  * 
flow,  the  pressure  between  the  two  check  valves  «V7i  kI  '^^ssation  of  normal 

pressure.    Both  check  valves  close.  anftJe  Jluef  ia?ve  ^t!v.'''r  T  ^^^PP^y-line 
occurs.     If  either  check  valve  fail*        I?Lf  i     7  ^^f^^  stays  closed  when  back-pressure 

valve  opens.^dJsc^Lrlinl  ouJ'Sf'^he'^IL  r:?ieT:^l^"^;i^rstIro^^'^^^  • . 

the  pressure  in  the  zone  drops  below  the  supply-lini  wessLe      ?n  JJ^  stay  open  until 

?!;i'^;fii;°?n^?^e^^oW;^^^'^  -^'-^^  -uer^fj^r^peis.^ruirrsL^Lrgin, 


NOTE: 


This  is  the  most  positive  mechanical  backflow  preventer. 


Figure  I-9m-5.    A  Reduced  Pressure  Principle  Backflow  preventer 

Main  con ance 

AIR  GAP.     Ueraeraber  the  description  of  an  air  eao-  we  are  taiHr^  av^r...^  «  ^        a  • 

ItlZir.T  '"^^"^^"-'^^  i«  -<^^"ired  except  to  insurl  fhartK  a.'?  g^p'mee^s  the 
standards,  no  hoso  attached,  no  pipe  extended  on  the  like. 

breake?'°'?rfi?t^''T"  ^^^f^^^^V  ^^^'^  can  go  wrong  with  an  atomspheric  vacuum 

^'i^^^  t^z^.-i^^  ik 

PRESSURE  VACUUM  BREAKER.     The  pressure  type  vacuum  breaker  reauires  n^ri^Hi. 
replace  them.     The  shut  off  valve  can  be  repaired  or  repJLeJ!  ^    ^  ^^^^ 
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DOUBLE  CHECK  VALVE.     Double  check  valves  too  must  be  tested  periodically.     if  test 
indicates  need,  repairs  should  be  made.     Disc,  seats,  and  springs  may  be  replaced.  Test 
cocks  are  replaced  when  needed.     The  shut  off  valves  may  be  repaired  or  replaced. 

REDUCED  PRESSURE  PRINCIPLE  DEVICE.     The  check  valves  in  the  RP  are  maintained  the 
same  as  those  in  a  double  check.     Be  sure  when  you  reassemble  the  device  tha^  the  heavy 
spring  goes  in  the  front  check  valve.     The  relief  valve  is  somewhat  different.     You  may 
need  to  replace  the  diaphragm  or  unplug  the  bypass  line  or  port.     You  can  replace  the 
disc,  seat  and  spring. 

SUMMARY 

In  this  section  the  operation  and  maintenance  of  backflow  prevente  rs  h>  .-^  br  •  r 
covered  very  briefly.     If  you  are  going  to  work  on  these  d^ivices  be  sure  yea  uuyt  the 
3ianafacturers  instructions  and  follow  them. 

EXERCISE  I-9m 

Complete  the  following  by  filling  in  the  blanks.     You  may  use  the  study  guides  or 
your  notes . 

1.  An  air  gap  is  a   between  the  supply  line  and 

the  receptacle. 

2.  The  only  positive  backflow  preventer  is  an 


3.  Atmospheric  vacuum  breakers  are  held  open  by 

4.  On  a  pressure  vacuum  breaker  the  air  port  poppet  is  opened  by 

5.  A  double  check  valve  may  be  used  when  the  backflow  could  be  caui.ed  by  oither 


or 


6.  Reduced  pressure  principle  devices  may  be  usaa  on  class   ,  ,  or 

 hazards. 

7.  If  the  poppet  sticks?  open  on  an  atmospheric  vacuum  breaker  replace  the 

8.  On  a  pressure  vacuum  breaker  a  weak  spring  should  be   


9.       The  seal  on  a  double  check  valve  is  badly  scratched,   it  should  be 


10. 


Thfc  mechanical  device  which  provides  the  most  positive  backflow  prevention  is  a 


PROGRESS  CHECK 


You  should  be  ready  for  the  progress  check.     If  you  feel  you  need  to  leview  some  of 
the  previous  instructions,  do  so.     The  progress  check  is  prepared  as  a  separate 
publication  and  controlled  by  your  instructor.     7ou  must  do  the  progress  check  under 
instructor  supervision  and  complete  it  prior  to  leaving  for  the  day 
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STANDBY  ENGINES 

power '?o^^?^e"p^ps^^"^?t^^:?^:;^"^\^^^  P^^"^^-  -  ^-^-^  on  electrical 

some  .,eans  must^eVoiided'2  iperiufn/Jiriont^nir^^T; 

use  standby  engines..  oper.,ion^  can  continue.     To  meet  these  emergencies  we 

o^r,\loZ\llX\l\:ill4'lZi,V:'  »'  exponents,  operation,  .„a 

Use  of  Standby  Engines 

operat^^d!^  -^"^by  engines  are  maintained  and 

electrTJf  SLr'fSd™J£ese"Sw'e;  lo's'lfs         r^^^^^^gs  whica  can  cause  loss  of 

backup  elecSical  power  lor ^JIse  em^^^°^if        ^*  ^  °^  ti""^  span.     To  provide 

pSi^Te^f:r"™er-^^^ 

cor  oniy  t.  e.s.n^l^^^ ^^^/^l^'-^l^^^  ^^^^^"^^^ 

^^recrTlLT^Sl^/^^^^^^^^  °-  ''^^^^  -"1^  connected 

only  haadles  one  rTt  of  the  ^..SfpmeSt  luho^S  in'^ol^  "^^'^  '^^^  installation 

connected  to  more' than  one  piece  orSquiimen?!  ^'^'^^'^^  -"^^ 

OPERATIONAL  CHECKS 

Pre-operational  Checks 

1.      A  Visual  check  of  fuel,  oil,  anci  water;  add  if  necessary. 

be??s  "far^frn^^.^'^H'''"'''^"  carburetor,  generator,  regulsitor  stt.rter 

belts,  fan,  fan  shroud  and  water  pump  for  loose  connection  or  mountings! 

^l^V^^l^^^^l-J^tl^^  -^^^^  -1  leaks  to  the  source. 

4.  Check  battery  and  voltmeter. 

5.  Start  the  engine  and  let  it  warm  up  before  putting  it  under  load. 
Operational  Checks 

Post  Operational  Checks 

1.  After  the  engine  is  shut  down,  check  the  water  and  oil  1-vel  and  serv^op  if 
necessary,  report  any  leaks  that  have  developed.  service  If 

2.  Give  engine  a  complete  visual  check. 

3.  Clean  air  cleaner  and  breather  caps  if  dirty. 
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4.  Change  engine  oil  and  filter  at  the  elapse  of  specified  engine  running  time. 

5.  Check  fuel  filters. 

6.  Check  engine  controls. 

7.  Check  for  leaks. 

8.  Check  gear  oil  levels. 
SUMF^ARY 

Standby  engines  are  vital  to  operation  ot  a  plant  under  emergency  cond^tion.>. 
These  engines  should  be  maintained  in  accordance  with  manufacturers'  directives  an 
xjcaliy  devised  check  lists  or  procedures. 

SXERICISS  I-9n 

PR«XEDURES 


Complete  the  following  statements  from  the  information  in 

the  study  guide. 

1. 

Standby  engines  are  used  for  and 

2. 

Einergency  power  units  may  be  or 

3. 

On  a  preop  inspection  check  levels  of 

and 

4. 

During  operation  an  unusual  noise  is  heard ,  you 

5. 

After  use  fluid  levels  should  be 

PROGRESS  CHECK 

You  should  be  refi:dy  for  the  progress  check.     If  you  feel  you  need  to  review  sme  of 
the  previous  instructions,  do  so.     The  progress  check  is  prepared  as  a  separate 
publication  and  controlled  by  your  instructor.     You  must  do  the  progress  check  under 
instructor  supervision  and  complete  it  prior  to  leaving  for  the  day. 


22S 


9-51 


PUMPS 


INTRODUCTION 


ti,.o  ^""^f  '"''^  "i^f^  extensively  throughout  our  career  field  for  a  variety  of  reasons 
Types  of  Pumps 

/^!L„  4       ;?    ?    rotation  and  may  be  mounted  directly  on  a  shaft  or  on  a  sinele 
double  suction,  volute  pump  is  illustrated  in  figure  l-9o-l.  A  horizontal, 


SUCTION 
NOZZU 


Figure  I-90-1.     Horizontal  Split-Case  Double-Suction  Volute  Centrifugal 


ugal  Pump 


2oU 
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Centrifugal  pumps  are  the  most  commonly  used  type  of  pump  in  the  water  systems 
because  they  are  well  adapted  to  electric  drives  and  a  wide  variety  of  operating 
conditions.     For  reliable  operation,  suction  head  should  not  exceed  15  feet.  Multiple 
stare  centrifugal  pumps  are  used  where  high  discharge  pressures  are  required. 

By  observing  the  following  operating  precautions,  you  will  eliminate  many  of  the 
commonly  encountered  problems  with  centrifugal  pumps. 

(1)  Fill  centrifugal  pumps  with  water  before  you  start  them.     This  procedure  known 
as  priming  lubricates  the  close-fitting  sealing  rings  and  packing.     Priming  also 
prevents  a  condition  known  as  cavitation.    Cavitation,  caused  by  the  air  in  an  uaprimed 
pump,  results  in  pitting  of  t.*:e  impeller  and  casing. 

(2)  Make  certain  that  suction  piping  is  airtight. 

(3;     To  operate  at  the  designed  capacity,  keep  the  rotation  speed  and  total  head  as 

close  to  design  figures  as  possible.    When  the  total  head  is  less  than  that  for  which 

the  pump  is  designed,  the  motor  may  overload  and  overheat. 

Axial-flow  pumps.     Axial-flow  pumps,  also  known  as  propeller  or  screw  pumps,  have  a 
rotating  impeller  ressembling  the  propeller  of  a  ship,  a  cylindrical  casing  and  a 
slightly  expanding  annular  discharge  passage  (figure  l-9o-2).     Axial-flow  pumps  are 
suited  only  for  very  low  head  (5  to  30  feet)  and  high  capacity  service.     Their  principle 
use  is  for  industrial  irrigation  and  storm  water  pumping. 


Figure  l-9o-2.     Vertical  Axial-Flow  Pump  with  Screw  Type  Impeller 
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shaft.    The  flow  receiving  chamber  is  erJJeJ  a  vSlStI  nl««     ^  °°         ^'^^^  °^ 

Pipe  similar  to  that  of  a?  axial  flow  p^Jp  (see  ?JgSre^!|Sl)?    ^°  ^^P^'^'^ing  discharge 


Figure  I-9o-3.     Mixed-Flow  Pumps 


called'^disp^Sement  pSs'C^caSse'S^??];  a^Sa^be^  °f ^^^y  are 
volume  of  liquid.  oecause  the  fill  a  chamber  with  a  liquid  and  the  displace  that 

eleme;?s"''Figire1S-nSoil  foiJ'of 'JS  ^  ^^^^lonary  casing  and  one  or  more  rotating 
general  princfpll  ol'VerlToV^ZtllyT^^^^^^^^  Pumps    all  with  the's°Le 

pumps  and  for  limited  special  applicationr    toJarv  n^mi^  ^fl  I  priming  larger 

even  flow.  .  yy^^^imone.     Rotary  pumps  discharge  water  in  a  smooth 


Figure  I-90-4.     Several  Types  of  Rotary  Pumps 


Reciprocating.     Reciprocating  pumps  get  their  name  from  the  reciprocating  or  back 
and  forth  motion  they  use  to  operate.     The  three  types  of  reciprocating  pumps  are 
piston,  plunger  and  diaphragm. 

Piston  pumps.     A  piston  type  pump  has  a  piston  which  fits  tightlv  and  operates 
inside  a  cylinder.     The  pump  may  have  a  direct  or  belt  drive  and  may  be  single  or  double 
acting.     Most  of  the  piston  type  pumps  you  will  see  in  this  career  field  will  be  used 
for  sludge  pumping.     Figure  I-90-5  shows  a  horizontal  piston  pump,  although,  piston 
pumps  may  also  be  vertical. 


Figure  1-90-5.     Belt-Driven  Self-Oiling  Piston  Pump, 
Single-Cylinder,  Double-Acting  Type 


Plunger  pumps.     Plunger  pumps  operate  similar  to  piston  pumps.     On  the  suction 
stroke  the  plunger  draws  liquid  in  through  the  inlet  port  and  into  the  displacement 
chamber.     The  discharge  &ti-oke  oJf  the  pumps  plunger  exerts  pressure  on  the  liquid, 
causing  the  inlet  check  valve  tG  s«al  and  forcing  the  liquid  through  the  outlet  port. 
Figure  I-9o-6  shows  a  reciprocating  well  pump  which  uses  a  plunger. 
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Figure  I-90-6.     Reciprocating  Well  Pump 
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pumps?''^?L'rjoTd^'ffe?eS^TtSa"?'thf J?  Tf'^  '"^'"'^^         ^^"^         '^^  Piston 
from  the  moving  parts  or;he  pJnJ      The  chemLaJ^eedfr^'*""  the  liquid  being  purged 
block  were  diaphragm  pumps.     iraddition  to  JofL  !  °"  earlier  in  this 

pumps  can  be  ufed  ?o  Sove^  kudgef  f L^^Jhe'?  lll^l  jJJ^aiJs  L^^S  as^^Jd!^^' 

Of  opeJa't"n"is  fu^s^r'atel  Jn^lJgTrel  9;'?'"S?%\^^  S^r^^T^^  ^'^^  P^^-^P^e 

water  stands  at  height  H  iri  SSth  leJs  oft^l't.lt  the  U-tube  is  filled  with  water,  the 
Shown  in  the  figure^  a  mi^Jure  Sf  w!?e?  aL  air  is  f^"/?"^'^^"?'  introduced  as 

of  water  W  weighs  more  than  the  air^waJer  coJj^n  P    fnTrtt^'^T^  "^^^  ^"^^^  '^^l"'"" 

U-tube.     The  pressure  required  for  oIJnTL  nl^nH^'o  ?f    ?^  top  of  the 

height  to  which  the  wate?  ^ult  be  raS  has  no  eff^^JJ      J-?  submergence;  the 

always  greater  than  the  working  pressure  TJter  thf    o^'     ^^^^  starting  pressure  is 
drawdown  is  excessive,  the  high  starting  n5^«„^o  Piping  level  is  reached.  if 

connected  in  series  ^it^  t^eTaif^^^^^^^  compressor 
operated  only  during  startin^^.  receiver.     The  auxiliary  compressor  is 

Air  lift  pumps  are  useful  for  erouos  of  w*»nc:  H^o^Ho««4 
served  by  a  single  compressor  installa?fon      lller  eJf iJfln.  ^  *°  ^^^^''^^^  P^^"* 

maintenance  problems  because  th^rP  nr^o  4  efficiency  is  offset  by  a  lack  of 

particularly^dap?ed  for  emergency  deen^M?''n"^  ^''^  ^hey  are 

for  power.     Air  lift  pu^prcISnot  hP^Lri    P™P^"^  "^ing  a  portable  air  compressor 
for  ^rizontal  transmiSon  of  Jater      ?2e  addL  o^.^""?' *°  ^  distribution  system  or 
make  water  more  corrosive  ""^^^^  ^"  ^i^^^^  supplies  tends  to 


Figure  I-90-7.     Principle  of  Air  Lift 

near  the'ed^;.  'tL^ISsLH?  t'Se  ^asi'nl  HTnl  'TI'^''  ^"'^  "^"^  ^^^^  ^^^^^  — 
providing  water  passage  fto^\l'e\Tt\li  PO^t^rt^^i^^^Sfrge^'^^oirnL^url^Jflo-S) . 

for  bJos1erpl"SrfoTva"cTum'%eS'^^lS^fnati?L'='^^'^^      ^"^^'^^^     ^'^^^  v  used 
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Figure  I-90-8.     Impeller  and  Housing  of  Turbine  Type  Pump 
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EJECTOR.  ejector  well  pump  consists  of  a  centrifugal  type  single  impeller  punp 

located  above  ground  and  a  stationary  ejector  assembly  in  the  well.     The  ejector 
assembly  is  made  up  of  a  nozzle  within  a  tube  which  tapers  down  to  a  narrow  throat 
opening  at  the  top  of  the  nozzle  (Figure  I^9o-9). 


-STORAGE  TANK 

ELECTRJC  MOTOR 

CENTRIFUGAL  PUMP 

EDUCTION  PIPE 


Figure  I-9o-9.     Ejector  Pump  Installed  Away  from  Well 

Ejector  well  pumps  are  suitable  for  small  wells  with  limited  ranges  of  depth 
Because  there  are  no  moving  parts  in  the  well,  they  can  be  installed  away  from  or 
directly  over  a  well. 

EXERCISE  I-9-90 

INSTRUCTIONS 

Use  SW  J3ABR56631  000-1-9  to  answer  the  following  questions. 
1.       What  are  the  five  major  types  of  pumps? 


:>.       Mow  can  you  determine  the  direction  of  rotation  of  a  centrifugal  pump? 
What  purpose  does  priming  a  pump  serve? 
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4.  What  type  of  pump  is  used  most  fr.equenUy  in  a  water  system? 

5.  Explain  the  principle  of  operation  in  a  plunger  pu„,p. 

6.  Which  type  of  pump  separates  the  HniH,<  k«»,-«„ 

the  pump?  parages  the  liquid  being  pumped  from  the  moviug  parts  of 

7.  Explain  the  principle  of  operation  in  aa  air  lift  pump. 

8.  What  are  four  types  of  rotary  pumps? 

9.  What  type  of  service  are  turbine  pumps  used  for? 

10.  Where  are  ejector  well  pumps  used? 


PROGRESS  CHECK 

previo'Ss  iTs^rL'^loZZ  'JL^pJ^g^IL^^^^c'i  ^ 

and  controlled  by  the  Instructor!    ^oS  mult  So  Jhe  u^o^^"^'*  ^  f  «^P^^^^^  publication 

supervision  and  complete  it  prio;  to  JeaJiSg  ?oJ  ?he  S?^^  instructor 
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SEWAGE  LIFT  STATIONS 


Purpose  of  Lift  Stations 

Most  of  our  wastewater  collection  systems  are  non-pressurized  systems.     This  means 
i?tLJ«ntr'  r^^H'  ^^^^^^y  '°  ^he  delivery  point.     The  axn 

JslfJraJd^r.«dnJ''  i%that  eventually  the  sewer  line  will  be  too  deep  to  be 

^hfio  1        readily  accessible  for  servicing.     Lift  stations  lift  the  wastewater  from 
these  lower  points  back  to  near  ground  level  to  allow  gravity  to  take  over  again. 

Principles  of  Operation 

ct.-^^^n  ^^l  wastewater  moves  along  the  sewer  lines  it  will  eventually  reach  .Mt 
«,H  ^  ^  section  of  the  lift  station  known  as  the  wet       '  i  m 

ThP  nnmL  .'^^  wastewater  the  wet  well  will  have  the  level  control..  --  m  it. 

The  pumps  used  to  move  the  wastewater  may  or  may  not  be  in  the  wet  well. 

m^t^.c'^'^^''^"^  ^°  '^'■y  The  dry  well  will   contain  the  electric 

Tocatld  in'iSI'drrien!  '°  '""^  ^^^^ 

There  are  two  types  of  pumps  commonly  used  in  lift  stations.     They  are  the 
centrifugal  and  ejector  pumps.     These  are  the  types  preferred  becaused  they  are  not 
subject  to  fouling  with  rags  and  sticks  which  wastewater  may  contain! 

w,>ii   ^^M^^^^?  pumping  of  the  wastewater  is  essential  to  keep  from  overl flowing  the  wet 
nril:.  "Tit  ^  '^^"^''^  """^^^  Float  switches,  and  ellctric 

probes  f.e  two  of  the  types  of  controls  that  have  been  previously  discussed.  Another 
type  of  level  controller  frequently  used  is  the  bubble  tube.     This  is  really  ^''""^"^'^ 

conSec^ed^'to^-n"  P"^""^^^'^  ^"'^  electrical  control  device.     It  uses  a  diaphragm  which  is 
connected  to  an  air  compressor  on  one  side.     As  the  level  in  the  wet  well  rises  it 

reverirthrwet°;en!  '^'^P'^^^^'"  ^'^^'^'^  ^=1°=^=  ^  starting  a  pump  to  lower  the 

Lift  stations  may  also  have  a  timer  to  run  the  pumps  during  low  flow  oeriod.;  Thi<! 
prevents  septic  conditions  in  the  lift  station  thus  preventing  odor  proMems. 

Types  of  Lift  Stations 

There  are  two  distinct  types  of  lift  stations.     They  are  the  combir.ed  design  and 
separate  design.     Both  types  may  be  prefabricated.  a^f>i^n  ana 

COMBINED  DESIGNED.     In  a  combined  c^esigned  lift  station  the  pumps  and  the 
wastewater  are  both  loc;.ted  in  the  wet  well  of  the  lift  station.     The  motor  and 
discharge  piping  are  located  in  the  dry  well. 

SEPARATE  DESIGN.     The  separate  design  lift  station  has  a  wet  well  and  dry  well  iust 
iheL        combined  design.     The  exception  is  that  the  pumps  are  housed  in  the  Jrriell! 
There  is  piping  connecting  the  suction  side  of  the  pump  to  the  wet  well.     This  tvoe  of 
design  allows  for  easy  maintenance  of  the  pumps. 

fety 

fhe  M?J^«J„Mon"H  Stations  is  imperative  at  all  times.     Toxic  gases  can  collect  in 

1    ft     f  .f       K  .^^^  decomposition  of  the  wastewater.     Many  people  have  died  in 

Jnf  f^''^"'!  °'  accumulation  of  methane  gas.     For  thL  reason  the  Air  FoJce 

Trt  Tso  nresent^^'A'%T'°"  ""^"^atory.  Besides  the  toxic  gases,  electrical  hazards 
are  also  Present  Anytime  you  use  fresh  water  in  a  lift  station  it  is  important  that 
you  prevent  backflow  using  the  appropriate  backflow  preventers. 

Operation  of  the  Trainer 

r^-nlM*'  ^'■^^"f  represents  a  combined  design  lift  station.     It  is  intended  to  provid, 
rralneJ  ^r^tio        '"/''^  operation  of  a  sewage  lift  station.     Incorporated  into  the 
h .        1       non-clog  sewage  ejection  pumps,  a  mechanical  alternator/float  switch 
high  water  alarm  and  motor  starting  contactors.  /ii^ai  hvmcn, 

To  operate  the  trainer,   follow  the  operating  instructions  in  progress  check  I-9-9p. 
Q  9-59 
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EXERCISE  I-9-9p 

INSTRUCTIONS 

Use  SW  J3ABR55631  000-1-9  to  answer  the  following  questions. 

1.  What  is  the  ^purpose  of  a  sewage  lift  station? 

2.  What  two  types  of  puhips  are  commonly  used  ia  lift  stations? 

3.  Name  three  ways  the  level  is  controlled  in  the  wet  well? 

4.  What  are  the  two  sections  of  a  lift  station? 

5.  What  are  the  two  types  of  lift  stations? 


PROGRESS  CHECK 


and  controlled  by  the  instructor  You  mn«t  J^Jk  P'-epared  as  a  separate  publication 
supervision  and  cUp'leJelrpr'Jo;  trLriig'JoJIhrJfy!''  ""'^^  instructor 
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Maintenance  of  Lift  Stations 


To  insure  a  trouble  free  operation,  litt  stations  must  have  continuing  maintenance 
pel  formed.     There  are  many  makes  and  types  of  equipment,  therefore  instructions  cannot 
be  given  for  all  of  them.    The  operators  will  need  to  make  judgment  as  to  whether  the 
^!lJ°hr!-n"/^?  to  their  equipment  or  will  require  modification    by  local  command 

and  by  manufacturers'  instruction.  Below  are  listed  the  more  common  maintenance  actions 
required  on  lift  stations. 

WET  WEILS  (Storage  Well).  Solids  must  not  be  allowed  to  build  up  on  the  sides  and 
bottom  of  a  wet  well  even  if  the  pump  station  is  autom'.tic.  Use  the  following  tips  to 
help  maintain  the  wet  well:  °  ^ 

1.  Draw  the  sewage  level  down  as  low  as  needed. 

2.  Flush  the  sides  and  bottom  of  the  well  with  a  heavy  stream  of  water  and  scraye 
them  from  time  to  time.     This  may  require  manual  working  of  the  pumps. 

3.  When  the  wet  well  pump  has  no  automatic  air  relief  valve    bleed  the  air 
trapped  in  the  pump  by  hand. 

work  ^*      "^"""^^  ^i""^  *°  tin's  by  using  a  bucket  and  shovel  if  flushing  doesn't 


u®??^^  grease  in  the  float  tubes  from  time  to  time  by  flushing  or  scrt-oping  to 
prevent  a  build-up.     Flushing  of  the  wet  well  and  removing  the  solids  will  help  reduce 
odors  and  harmful  gases. 

6.  If  the  drinking  water  system  is  used  for  flushing,  remove  the  hose  *rom  the 
well  to  prevent  a  cross  connection.  Safety  must  be  observed  when  cleaning  wells.  If 
keeping  the  pump  station  running  at  all  times  is  important,  consider  dividing  the  wet 
well  into  two  sections  so  that  one  section  can  be  cleaned  at  a  time.  All  pumps  and 
standby  units  should  be  tested  often.  Daily  records  should  be  kept  at  stations  where 
electric  power  and  hydraulic  flow  are  iretered  and  where  chemicals  are  used. 

SCREENS  AND  GRINDERS.     Bar  and  basket  screens  and  grinders  installed  in  pump 
stations  should  be  cleaned  each  day  to  keep  trash  from  blocking  the  screens  and  letting 
sewage  back  up  and  overflow.  ^ 

DRY  WELL.     The  housing  structure  for  pumps,  motors  and  compressors  is  usually  near 
but  separate  from,  the  wet  well.     Water,  from  leakage  in  the  dry  well  should  be  removed' 
at  least  each  day  by  the  sump  suction  valve  of  a  wastewater  pump  if  no  seuarat<.  sumu 
pump  is  there.     The  floor  of  the  dry  well  should  drain  toward  the  sump. 

STRUCTURES.     Structures  which  house  wastewater  pumps  also  need  to  be  well 
maintained.     Pump  station  floors,  walls,  and  windows  must  be  kept  clean  to  reduce  odors 
and  make  the  place  more  attractive.     Chemicals  from  wastewater  gases  can  corrode 
concrete  and  masonry  walls,  equipment,  steel-work  and  settings.     Good  ventilation  will 
help  reduce  this  problem.     Forced  ventilation  is  needed  in  stations  built  underground. 
All  metal  must  be  protected  with  paint. 

CHECK  VALVE  SLAM.     Check  valve  "slam"  may  occur  in  cases  where  there  is  high  lift 
Tlfl^^^iJ^^^^^''^^   piping.     Check  valve  slam  can  fracture  pipes  or  loosen  pipe  joints. 

^ff}  slow-closing  check  valves,  large  air  chambers  with  small  compressors  to 

refill  the  chamber  with  air,  and  hydraulic  shock  absorbers  will  help  reduce  this 
pre)  Diem  • 

LUBRICATION.     Lubrication  is  the  secret  of  long  lift  in  any  mechanical  system. 
Lubrication  may  be  accomplished  by  use  of  zerk  fittings,  screw  type  greasers  or  oil  driu 
containers      Locate  all  grease  fittings  and  insure  this 'maintenance  is  performed  on  a 
tineiy  basis. 
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EXERCISE  I-9q 


using  the  lift  trainer  locate  the  following  components: 


1) 

Control  devices 

2) 

Check  valves 

3) 

Grease  fittings 

4) 

Pump  couplings 

5) 

Stuffing  box 

PROGRESS  CHHCK 

publication  .nd  oontroll^  by  the  InitK^l^r      t^f.       f  P"l»r«l  as  >  separate 
instructor  supervision  and  cLpKte"u  p?J"- to^J^aJ^n"  Jlr^be'd"?:"''  """" 
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WATER/WASTKWATER  FIKLO  TRIP 

Water  and  wastewater  treatment  equipment  is  designed  to  operate  many  years  without 
mechanical  breakdown.     A  scheduled  maintenance  program  must  be  developed  and  inspections 
must  be  performed  periodically  to  insure  the  equipment  is  operating  efficiently  at  all 
times.     As  an  Environiiental  Support  Specialist  you  must  be  able  to  recognize  potential 
eqjipment  failure  and  be  prepared  to  repair  any  defect  as  rapidly  as  possible. 

Subjects  in  this  unit  of  instruction  will  give  you  an  overall  view  of  an  operacino 
lift  station,  water  pumping  station  and  a  wastewater  plant.     While  on  a  field  tr:.;y  of 
these  facilities,  note  the  maintenance  being  performed.     Pay  particular  attention  to  the 
components  discussed  in  this  unit.     You  will  be  given  a  progress  check  on  id^-r- >■  i . y ing 
the  condition  of  these  items. 

V(f..CL.    Pumping  Station 

Sheppard  Air  Force  Base  is  similar  to  any  small  city  in  the  United  States.  It 
contains  a  residential  area  and  industrial  complexes.     The  base  requires  potable  water 
for  consumption,  recreation  and  f iref ighting .     To  deliver  this  water,  a  complex  design 
of  support  components  are  required.     These  components  must  be  well  maintained  in  order 
to  provide  uninterrupted  water  service  to  this  base. 

VALVES.     Numerous  types  of  valves  are  required  in  a  water  treatment  facility.  The 
maintenance  required  on  valves  is  minor,  however,  the  maintenance  stated  in  APR  91-26 
must  be  performed  to  insure  operation. 

Altitude  Valve.     This  valve  is  located  at  the  base  of  the  water  tower.  It's 
purpose  is  to  maintain  a  pre-set  water  level  in  the  tower.     These  valves  operate  by 
atmospheric  pressure  which  causes  it  to  open  and  close.     Failure  of  this  valve  will 
result  in  low  water  level  or  overflowing  of  the  tank. 

Pressure  Regulating  Valves.     There  are  two  sixteen  inch  regulating  valves  installed 
on  the  distribution  lines  at  the  base  of  the  tower.     These  valves  operate  on  line 
pressure  to  maintain  a  constant  pressure  on  the  main  distribution  system.     This  valve  is 
vital  because  it  prevents  over-pressurization  which  will  cause  damage  to  the  water 
distribution  system.     Notice  the  smaller  regulator  attached  to  the  larger  one.     This  is 
a  pi.ot  regulator  which  controls  the  operation  of  the  larger  valve.     Most  regulators 
have  strainers  installed  to  keep  sand  out  of  the  operating  mechanism.     Clerning  the 
strainer  periodically  will  extend  the  life  of  these  valves.     Gauges  on  these  regulators 
are  critical  for  presenting  accurate  readings  and  making  adjustments  in  pressure. 

Gate  Valves.     There  are  numerous  gate  valves  installed  in  the  water  plnnt.  Size:, 
range  from  3/8"  up  to  16".     Maintenance  consists  of  repacking  the  gland  and  oiling  the 
stem.     Accomplishing  this  maintenance  along  with  the  periodic  opening  and  closing  of  the 
valve  will  insure  its  proper  operation  when  an  emergency  exists. 

CHEMICAL  FEEDER.     After  the  water  enters  the  water  treatment  plant,  it  is  treated 
with  chlorine  by  a  chemical  feeder.     This  insures  the  proper  amount  of  disinfectant  is 
added  to  maintain  a  safe  potable  water.     The  type  feeder  used  here  is  a  solution  feed 
vacuum  type,   "V"  notch  gas  chlorinator.     This  feeder  draws  chlorine  from  the  storage  ' 
cylinder  by  a  vacuum  created  by  a  booster  pump.     Proper  adjustment  of  this  feeder  is 
tissontial  to  safe  potable  water. 

PUMPS.     Following  the  chlorination  process,  the  treated  water  is  directed  to  the 
booster  pumping  facility.     This  facility  utilizes  six  centrifugal  pumps.     There  are 
tlircM^  50  horsepower,  500  gallon  per  minute  electric  pumps  and  two,  2000  gallon  per 
minute  diesel  powered  pumps  installed.     Normally,  only  one  electric  pump  is  required  to 
maintain  distribution  system  pressure.     In  case  of  high  water  demand,  other  pumps  may  be 
operated  in  tandem.     Diesel  pumps  are  used  primarily  in  event  of  power  outages. 
Maintenance  is  essential  to  these  pumps.     Continuous  operations  places  excessive  «"  ir 
unless  the  unit  is  properly  lubricated. 

ELECTRIC  MOTORS.     Electric  motors  are  the  rao«t  common  drive  mechanisms  used  in 
mi li tary  water  systems.     When  servicing  the  pump,  also  lubricate  the  motor  bearings. 
Insure  all  mounting  bolts  are  tight. 
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the  mSoraS^jL'pf'-They'ar'eTIi'gSId'  to 'absorb '^hL^r'^n"  ?  ^'^^'^^^  connection  between 
They  are  not  Intended  to\rio-  ?::':r:« between  the  two  units, 
alignment  must  be  within  .005  ln?J  Jnd  s^fS^l^v  Jieht^UJ^^  ^''^  Coupling 

misalignment  of  couplings      Th.^y  are  oaral lei  «„h!}?'  .  ^^'f  ^  ^yP^^  °^ 

misalignmert  Is  when  the  outside  eS^efof  Jh^         f?*^"^*!  misalignment.  Parallel 


Power  Take-off  Assemblies.     Ptiwer  Tak^  nff  flo.o.««Kn  . 
coupling,  however,  they  are  u?UiSd  JlS  the  ditlireLfn^^rH^'""''"  '°  ^  ""^'^^ 
Take-off  assembly  operates  1^ a  clutch  on  L^^t      K?f  ^he  Power 

physical  connection  between  the  mo?o?  aJd  Suin  ^^J^^^^'^if'  *hea  engaged,  they  are  the 
performed  during  normal  operatlnrcSndi^Jonf^'upi^^^^''^^""  °^  devices  is  always 

Will  be  perform^,  m  .cc^f^lnli'^titT^^^^^^^  ^°  ^^^^  e.uipmen^ 

They  TtiZte'T.i'?o\.rjro::i  ori^^^furrss^jL'^ir^^r        -  p-p- 

the  pumps  activate  at  the'leTpr^s^C^^^d ^.^.^Jfacco'rdX'ry !        °'  ^"^"^^ 

millloTg^'llo^s!^  Sese'JLe1%L'S%5p°lTthTT:iJuo;  '"Jf  ^  ^^^^^^^^  °^  ^ 

This  elevated  storage  tank  i.:  th^^^fof^  million  gallon  elevated  storage  tank. 

Note  ..e  co„dl?f2:'«„1  "f .iS.^-'TSe'r^SLfr.TnfjoJKsJSraJ^J^iS^""" 
Wastewater  Treatment  Plant 

waste;;Srtr'eItmlnt''a?e1lml'la?'to*':t'^%'"'\'"^  treatment  plant.     Components  for 
we'll  discuss  comSJenTs  ol^Jirwaste'Jater'prSnT'  ^^"^P^"^-     ^"  ^o^^owing  unit. 

settUn"g"1;nks'?o°t"he''JIge"sT?r  '^'?hey1re"aJso'  "^Tr'  °'  P^^^^^ 
clarifiers  to  the  Sead  of  tJl  pr^m^^J  tinks      VofLn    "^^^^^^^f^  the  secondary 

is  essential.  pr-mary  tanks.     You  can  see  why  maintenance  of  these  pumps 

instru'c'to'f  ;ii?'^Jo\nf tJeirrocrtior'^SIme'Si^r  ^^t^^^'?"^  ^^^"^ 
and  should  not  bfthrottled.     Plug  values  a^e  ?o?!t^/      .^^''^^  '"'"^  ^"^^  operation 

settling  tanks  and  are  used^n'JoSt'ro  Hng'the'jJSrof  slSe^'^'So^^  T  ^^^r^^'^y 
grease  fitting  located  directly  on  top.     GlobI  valves  arp  ?o^;t.H  K  .P^"^  "^^''^^  ^'^^^  * 

flo..    This  device  oplra?M  a  £„JJ  mCf afr^^Sr^"*  "f^"^  measures  the  Incoming 
In  the  Influent  110.°    Th"  deSce  measures  JSi  n,  I?.'!!      i  P"-Jete™lned  sue  cl..5n«l 
surlaee  o,  the  ..ste.ater  ,lo..    ?hTrd^^stLe^^^rc^rrrte'^°T„^^%:^?:„T^^;„;^, '-'^r;. 

.ecl,™fI?e°\h™'3;..S°\-J  ?o'1he"SJ.'h°°:t\"irSiL\^ 

level  is  necessary  periodically.  trickling  filter.     Adjusting  the  float 

sealed''?y'p'e':'  !Se°^';ese;?^'o^^:c°^?[c^^°^"r  ^^-"'^^-^  wastewater  plant  are 

gases.  ^  present  no  electrical  explosion  hazard  when  exposed  to  flammable 
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SAFETY.     As  in  all  aspects  in  military  service,  safety  is  a  number  1  priority.  As 
an  Environmental  Support  Apprentice  you  are  and  will  be  exposed  to  a  number  of  safety 
hazards.     The  following  are  areas  you  should  be  constantly  aware  of: 

Falls 

Improper  Lifting 

Electrical  Shock 

Use  of  Sharp  Edged  Tools 

Infections 

Working  in  Oxygen  Deficient  Areas 
Toxic  DuRts 
Dangerous  i:*iemicals 
Fire  Prevention 

Toxic,   Flammable  Gases  and  Vapors 

There  are  several  basic  safety  measures  that  can  be  taken  to  help  prevent 
accidents.     These  apply  to  all  aspects  of  water/ wastewater  treatment  and  distribution 
work. 

Safety  Record  Keeping 

Locating  and  Correcting  Safety  Hazards 

Equipment,   Plant  Arrangement,  and  Working  Methods 

Personal  Protective  Equipment 

Safety  Instructions 

Fire  Protection 

Power  Drives  and  Shafr  Guards 

Adequate  Help  and  Teamwork 

Protection  of  the  Public 


EXERCISE  I-9r 
Answer  the  following  True  or  False 

1.  Altitude  valves  are  found  at  the  wastewater  plant. 

2.  Lift  stations  are  required  to  move  wastewater  from  a  lower  elevation  to  a  higher 
elevation. 

3.  A  motor  coupling  acts  on  the  same  principle  as  a  clutch  in  an  automobile. 

4.  Sealed  type  motors  are  required  in  water  treatment  plants. 

5.  Pressure  activated  control  devices  are  located  on  ^:he  discharge  piping  of  centri- 
fugal pumps. 

6.  Motor  couplings  are  designed  to  correct  misalignment  between  pumps  and  motors. 

7.  Plug  valves  do  not  require  lubrication. 

8.  Periodic  monitoring  and  calibration  is  required  to  chlorinators . 
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PROGRESS  CHECK 


tion  and  controllsd  by  the  instructor      Vnn  h^^^    prepared  as  a  separate  publica- 

supervision  and  complete  it 'S^fJ^to  ieav^ng^SIr         dayr°'''''  "'"'^  instructor 


SUMMARY 


the  manufacturer's  specifications  and  instrurtio!=  .  ?  ^""'^tio"  properly,  follow 

or  refer  to  AFR  91-26  and  AFM  9r!32?     ^"""^"^^^^^^  repairing  the  piece  of  equipment 

Inspection  of  operating  equipment  must  be  conducted  at  -Prtain  ^  ^  . 

operation  of  the  euqipment  to  insure  proper  runniSe       In  tM^  ^  ^"'^  '^"'"^"^ 

trouble  in  the  equipment  before  it  becomes  seriSus      fo^  T^'-,^*"  '^^^^'^^ 

engine  driving  s2me%ype  of  equi^eS?!  5Sen  yoS  i^spS  i^^nJ'fiid  thft'ff  ^^"^'^^ 
o^iroJ-aJSe  ^n^^irSnr^ro^Sf-u^sL-S  ^e  Llfojl  FV"^  -  -^^us^rio":  o°J^ 

saved  the  en.ine  from  burn\Tup^!":L"%i\^^  iTe^^'Lltl  r^e^palr^s^'t  tl  l7.  Sd^^;uJ::jnr^^ 

treat::n"t^Jl-nJ-^  -is"st\drg\i^^^^L°\a^^^^?e"n^^o\1hTb\^^^?  Z.tT.Tor  l\  t 
oHhfrejK/-^^^'^^  ^^"^^^"^  at^reatm^:n^^^L5'^f  Snf 

the  w^L^^;^r?e%d°^;::L^^s^c:^s^n^°:r°'^on^^:l^L'^";^^  ^^"'^  ^^^^  °^  '^'^-^-^  ^° 

feed  pumps.  The  three  .ain  typ^s  ol  cSe^Larf'e'ders  arTgas^Sledrrs^^solJ^ion'r'r' 
and  dry  chemical  feeders.     The  best  wav  to  keen  th^  r him 4?=T  i^^^^'^S'  solution  feeders 

I 

may  d< 
develops 
dependable 

 —  waLci    treatment  control  purposes, 

the  correct  time,  and  check  thP  ink  cl.,^,^^,r  v  «  I^L  ^  "  cnart,  align  the  chart  for 
plant  flow.  supply.     Keep  the  charts  as  a  daily  record  of  total 

Back  siphonage  can  become  a  health  hazard.     Where  the  ooRcihim-,,  ^*  u  , 
could  exist,  backflow  preventers  must  be  installed.  Possibility  of  back  siphonage 

These  pumps  are 
malfunction ,  you 
be  able  to  perform 

=lp^-"".^°si'?;^^::,^^"p?:.-?:/^-1„??o"^^"^or^a*^?."•^^^ 

replaced,  tanks  occasi  ,nally  drained  and  hosed  down  ^         removed  and 
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PUMP  AND  EQUIPMENT  MAINTENANCE 


OBJECTIVES 


Given  a  centrifugal  pump,  and  working  as  a  team,  disassemble,  inspect  and 
reassemble  the  pump  with  no  more  than  two  instructor  assists. 

Using  the  water  pump  trainer  and  working  as  a  team,  remove,  disassemble  inspect, 
reassemble  and  install  the  pump  to  its  operating  condition  with  no  moro  cht-  nvo 
instructor  assists. 

INTRODUCTION 

Puiiips  are  machines,  and  being  machines,  you  must  perform  minor  maintenance  to  keep 
them  in  operating  condition.     Some  of  the  problems  that  you  may  encounter  are,  setting 
up  a  pump,  changing  the  packing,  alignment  of  the  coupling,  and  priming. 

There  are  two  main  topics  in  this  chapter  titled: 

°     MAINTENANCE  OF  PUMPS 

°     PUMP  INSTALLATION 

INFORMATION 


MAINTENANCE  OF  PUMPS 

Selecting  the  Proper  Tools 

Before  beginning  any  maintenance  on  any  piece  of  equipment,  it  is  necessary  to 
inventory  your  tools  to  insure  the  needed  tools  are  there. 

Pump  Disassembly  and  Components 

A  manufacturers  checklist  is  used  for  disassembly  procedures  in  the  field.     For  our 
purposes  here  you  will  receive  an  SOP  on  pump  maintenance.     It  will  describe  the 
procedures  to  follow  when  disassembling  a  pump. 

COMPONENTS.     The  components  you  will  encounter  while  performing  maintenance  on  a 
centrifugal  pump  are  many.     What  follows  is  a  brief  description  of  each  of  these 
components . 

Stuffing  box,  packing,  lantern  ring  and  packing  gland.     The  stuffing  box  is  located 
around  the  shaft  at  one  end.     It  contains  the  packing  and  the  lantern  ring  (Figure 
I-lOa-l).     The  packing  used  in  our  pumps  is  made  of  asbestos  fibers  soaked  in  graphite. 
It  prevents  excess  leakage  from  the  main  cavity  of  the  pump.     The  lantern  ring 
lubricates  the  packing  by  allowing  a  liquid  to  enter  from  an  outside  supply.  Finally 
the  packing  gland  is  used  to  compress  the  packing  to  provide  a  better  seal  or  prevent 
leakage.  ^ 

LATTEKN  RING 

PACKXWG  GLAND 


SHAFT 


EKLC 


PACKING  SHAFT 
HINCS  SLEHVE 

C0H-«1t 


Figure  I-l0^j|^j 
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Shaft  sleeve.  outside  source  in  order  to  prevent  damage  to  the  packing  and 

suctio'i\J??sfa^sS'j;;fti'fy  oriiJ'eiJe^lSe 'Jf       ^°  ^^^^  "°  0" 
loss  of  suction.  '  -^..tering  tne  pump  at  this  point  may  result  in 

rings'ie'ca'usl^J^^y^  ^^^'1^1%^,'''  f^f  °° 

accessible  rings,  then  they  wiU  be'thi  onfv  replace  only  the  outermost 

Packing  gland.     As  a  result.lJe  nlw  rings  JiU°?Ive°?rHr^?/!:!°  >ou  tighten  the 
box  and  accelerated  packing  wear  will  result      Th^^H    ^°  °f  sealing  the 

compressed,  will  movl  as  a'un'it"an1'kn'?o'prov'Jde°i'gJ^°%'eaf!''°'  Previously 

a  shoJ?  coJk^cr^rseJfion!^:  lll'Z^       i^iJIcl^^f        fiS?"^  "  ^ ^^^^ 

If  the  packing  should  break  Jp  while  being  pJuld  Jut    ^JSJ^  '  T^^^^^^^^'^        ^  handle, 

insure  a  clean  and  clear  stuffing  box  before  Jon  in^^it^r"^^  ^'^^  ^^'^  Pi^'^es  to 

left  in  the  box  will  make  it  imp?ssJ?le%^°%\prk\"h\'^'u^p^;o7.?fyf     '     '  ^'^^'^ 


Place 
1  j  ckness 
ace  a  ring 
as  shown 


Figure  I-lOa-3 
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Tamp  each  ring  into  piace*     This  may  be  done  with  a  dummy  gland  which  can  be  a 
split  sleeve  of  metal  or  wood  which  fits  over  the  shaft.     The  outside  diameter  should  be 
slightly  smaller  than  that  of  the  staffing  box  bore.     The  last  few  rin^s  may  be  pushed 
into  place  using  the  packing  gland. 

Stagger  the  packing  ring  joints  as  you  install  each  ring  (180°  apart  if  only  two 
rings,  are  used,  90**  apart  for  three  or  more  rings). 

Install  the  lantern  ring  so  that  when  the  packing  is  compressed  it  lines  up  with 
the  cooling  liquid  opt>ning.    When  you  unpack  the  box,  note  the  arrangement  of  the  gland 
and  the  number  of  packing  rings  behind  and  in  front  of  the  lantern  ring,  and  repack  in 
the  same  way. 

When  you  have  the  box  fully  packed  and  the  last  ring  is  firmly  tightened  -vlrh  the 
gland,  rotate  the  shaft  a  few  times  by  hand  to  "Glaze"  the  packing.  Then  back  o-f  the 
gland  nuts  and  retighten  finger  -  tight  only.  This  allows  the  packing  to  expand  as  it 
warms  up . 

Important ,     Many  pump  failures  occur  because  inexperienced  maintenance  personnel 
see  liquid  dripping  from  a  gland  and  try  to  stop  it  by  tightening  the  gland  bolts.  For 
a  very  short  period  the  leakage  will  stop.     The  packing  then  becomes  overheated  and 
burns  or  scores  the  shaft  sleeve  and  the  pump  must  be  shut  down. 

A  requirement  of  all  packings  is  that  they  be  lubricated  at  all  times  and  this 
requires  constant  leakage.     When  the  gland  is  properly  adjusted  and  the  packing  has  been 
"run  in,"  only  a  few  drops  of  leakage  a  minute  are  necessary,  but  it  is  essential. 
Three  to  six  drops  is  the  recommended  rate. 

You  must  take  care  when  you  tighten  the  gland  so  that  It  remains  squar'e  to  the 
shaft.     To  do  this  tighten  the  gland  bolts  alternately  only  a  slight  amount  ;it  a  time. 
If  you  do  not  do  this,  shaft  sleeves  may  be  scored  by  contact  with  the  inner  edge  of  the 
gland,  and  the  scored  area  could  lead  to  rapid  packing  failure. 

Volute  and  Casing.     The  volute  and  casing  serve  to  house  the  impeller.     The  volute 
is  a  progressively  expanding  chamber  which  changes  the  liquid  velocity  into  pressure. 

Impeller.     The  impeller  is  a  circular  disc  with  vanes  curved  backward  to  the 
direction  rotation.     It  moves  the  water  through  the  pump. 

Shaft  Sleeve.     The  shaft  sleeve  is  located  on  the  shaft  and  is  designed  to  protect 
the  shaft  from  exres^iive  wear  and  tear. 

Shaft.     The  shaft  runs  the  length  of  the  pump  and  supports  all  the  pump  components. 

Bearings.     Bearings  are  located  on  the  shaft.     They  allow  the  shaft  to  rotate 
freely  without  excessive  wear.     Bearings  may  be  either  sealed  or  open  type  bearings. 

Water  Seal.     The  water  seal  or  slinger  is  also  located  on  the  shaft.     It  prevents 
water  from  enterinj^;  the  bearings. 

Coup 1 i  ng  Al ig  nmen  t 

A  minimum  dimension  for  the  separation  of  the  coupling  halves  is  usually  specified 
by  the  coupling  manufacturer. 

The  tools  you  will  need  to  check  the  alignment  of  a  flexible  coupling  are  a 
straight  edge  and  a  taper  gauge. 

Make  the  check  for  angular  alignment  by  inserting  the  taper  gauge  at  four  points 
between  the  coupling  faces  and  comparing  the  distance  between  the  faces  at  four  points 
spaced  at  90°  intervals  around  the  coupling.     The  unit  will  be  in  angular  alignment  when 
the  measurements  show  that  the  coupling  faces  are  the  same  distance  apart  at  all  points 
(Figure  10-4). 
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coupliTrL':  tTlVro,':'lollll  Jnl^rSotS^f'^f         straightedge  across  both 
alignment  when  the  stra?gh?  edges  Jest  eJeJJv  of  t^.      ^  parallel 
Allowance  may  be  necessary  for  tlmpeJatS^e  JhanLf  LhT  positions. 
Of  the  same  outside  diameier.    YoS  mJsJ  take  Jarl  to  J J^.n^^^i"!  ^^^"^^  ^'^^^ 
the  axis  of  the  shafts  (Figure  10-4):  ^^'^  straight  edge  parallel  to 

drive:r?^SrJero!a"i?ng^\?ro^J'?L'"L^^^J?:?|"*  A^te^ "a^JJ-^^^^  ^'^^"^  ""'^^^  ^'^^ 
alJlariaS:  -"o-eX^S^?^^^ay-d^?t-^b^%^-^mL^ 

alignm^L^ro^J\-i--f^-„V?L-ile-c^^^^^^ 

in  onf  in^^Tn^%^^^^g\f  ::;yTS:;b?:^'^ano?S:r'^  It^'t^^L^^'^-  aT^  "^^'^^  ^^^^^^^ 
of  alignment  possible.  anotner.     it  is  good  practice  to  do  the  best  job 

verticTrJS  o"? ^JLTriJ^rlndTorJ^^p™  ^  — nee  .or  the 

o^erllTtlT^tlll^^^^^^^  seems  to  be  correct,  do  not 

flexible  coupling.  coupling  bore  is  not  centered;  this  would  require  a  new 


Figure  10-4 
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Below  is  a  chart  that  lists  many  of  the  operating  problems  that  you  may  encounter. 

TROUBLESHOOTING  GUIDE 


PROBABLE  CAUSE 

REMEDY 

FAILURE  TO  DELIVER  WATER,  OR  SUFFICIENT  WATER  AND  SUFFICIENT  PRESSURE 

Pump  not  primed. 

Reprime. 

Pump  not  up  to  speed. 

Check  for  incorrect  rTjf)tor  vol  *.ai;e 
and  motor  overload. 

Discharge  head  beyond  pump  shut-off. 

Alter  installation  or  provide  pump 
suitable  for  higher  oressure. 

Excessive  suction  lift. 

Reduce  li f t :     use  larger  sue tion 
Pipe. 

Incorrect  direction  of  rotation. 

Reverse  rotation . 

Insufficient  positive  head  on 
suction  for  hot  liquids. 

Give  pump  more  submergence,  simplify 
and  increase  size  of  suction  piping. 

Footvalve  too  small. 

Replace  with  adequate  size  foot- 
valve  . 

Strainer  clogged. 

Clean  out . 

Worn  bearing  ring  or  damaged 
impel ler . 

Recondition  or  replace  worn  parts. 

High  spot  or  air  pocket  in  suction 
line . 

Repipe  to  pump  suction  to  eliminate 
loose  and  high  spots. 

PUMP  LOSES  PRIME  AFTER  STARTING 

Excessive  suction  lift. 

Reduce  lift:     use  larger  suction 
pipe. 

Air  leaks  in  suction  line. 

Check  joints,  make  up  tight  with 
pipe  joint  compound. 

MOTOR  OVERHEATS 

Total  head  is  higher  than  rated. 

Larger  motor  is  required.  Check 
with  dealer  to  see  if  head  is  in  the 
operating  range  of  the  pump. 

Liquid  handled  is  of  higher 
viscosity  or  specific  gravity  than 
that  for  which  the  pump  was 
designed . 

Check  with  dealer;  a  larger  motor  is 
required . 

Mechanical  trouble  in  pump  or  motor. 

Check  impeller  fit,  shaft  straight- 
ness  and  ball  bearings.     See  if 
motor  turns  freely. 

Low  voltage  or  incorrect  voltage. 

See  that  power  supply  is  as 
required,  check  electrical  connec- 
tions to  motor,  check  to  see  that 
wiring  to  motor  is  large  enough. 

PUMP  VIBRATES  OR  IS  NOISY 

Impeller  partially  clogged. 

Disassemble  pump  and  clean  out 
impeller . 

Insecure  foundation . 

Rebuild  to  give  rigidity  to  pump 
and  motor. 

Bent  shaft,  impeller,  or  worn  ball 
bearings . 

Dismantle  and  replace  worn  parts. 

Misalignment  between  motor  and  pump. 

Check  alignment.  | 

Figure  10-5 
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Figure  10-5.     Single  Suction  Centrifugal  Pump 
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PUMP  DISASSEMBLY/REASSKMBLY 
Single  Suction  Pumps,     Refer  to  Figure  XO-6. 

1.  See  coupling  manual  for  coupling  disassembly. 

2.  Drain  suction  and  dischar;5e  lines  and  puino  '-asi.ng. 

3.  Remove  suction  and  discharge  piping  from  pump  flanges. 

4.  Remove  bolts  and  dowel  pins  from  pump  feet.     Pump  may  now  be  removed  from  baseplate 
for  bench  work  if  so  desired. 

5.  Remove  cap  screws  holding  suction  cover  (Part  9)  to  casing  (Part  1)  anJ  p»iH 
>.uction  cover  straight  out  to  remove.     If  suction  cover  cannot  be  removed  hand, 
screw  in  the  two  square  head  jack  screws  in  the  suction  cover  flange. 

6.  Screw  out  impeller  screw  (26).     Remove  impeller  washer  (69),  impeller  (2)  and 
impeller  key  (32). 

7.  Remove  packing  gland  nuts  and  packing  gland  (17).     Packing  gland  is  split  type  and 
can  be  removed  from  shaft-     Pull  out  front  packing  (13)-see  STUFFING  BOXES  AND 
PACKING  -  and  slide  lantern  ring  (29)  back  against  deflector  (38).     Remove  balance 
of  packing. 

8.  Remove  cap  screws  holding  casing  (1)  to  bearing  base  (19).     Casing  is  now  free  to 
be  removed.     Take  care  not  to  score  shaft  sleeve  (14)  when  you  remove  the  casing. 

9.  Slip  shaft  sleeve  (14),  lantern  ring  (29),  deflector  (40)  and  shaft  sleeve  gasket 
(38)  from  shaft. 

10.  Remove  cap  screws  from  bearing  cover  -  inboard  (35)  and  bearing  cover  -  outboard 
(37).     Remove  bearing  covers. 

11.  Shaft  (6)  and  ball  bearings  (16  &  18)  may  now  be  PULLED  (or  PUSHED)  from  bearing 
T^^!U?^   1^  either  direction.     DO  NOT  HAMMER  SHAFT  AND  BEARINGS  FROM  BEARING  BASE. 
If  difficulty  is  encountered  in  removal,  use  an  arbor  press  or  similar  equipment  to 
apply  more  force.     pUSH  ON  OUTER  RACE  ONLY! 

12.  If  bearings  do  not  slip  off  shaft  after  removal  from  bearing  base,  use  same 
precautions  for  removal  as  mentioned  above.     PUSHING  ON  INNER  RACE  ONLY! 

13.  Wrap  bearings  immediately  in  clean  waxed  paper  or  clean  lint-free  rags. 

ASSEMBLY  PROCEDURE 

Single  Suction  Pumps.     The  assembly  procedure  is  directly  reversed  from  the  disassembly 
procedure,  with  the  following  precautions: 

1.  Give  the  ball  bearings  an  ample  coat  of  grease  or  oil  Just  prior  to  assembly. 

2.  Push  the  bearings  onto  the  shaft,  pushing  against  the  inner  race.     Do  not  hammer  on 
the  bearings! 

3.  For  best  service,  use  new  gaskets  (38  &  73).     To  prevent  casing  gasket  (73)  from 
sticking  to  flanges,  coat  flanges  with  mixture  of  flake  graphite  and  motor  oil. 

4.  Draw  flange  bolts  up  slowly  and  evenly. 

5.  Follow  directions  in  STUFFING  BOXES  AND  PACKING  when  repacking  pump. 

6.  Check  coupling  alignment  carefully.     See  COUPLING  ALIGNMENT. 
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EXERCISE  I-lO-lOa 

INSTRUCTIONS 

on.pagriO*-?/""''  disassembly/reassembly  to  complete  this  performance  e.ercise  located 

PROGRESS  CHECK 

th^  l^^  f*'°"^^        ""^^^^  progress  check.     If  you  feel  you  need  to 

supervision  and  complete  it  prior  to  leaving  for  the  dlyf^ 

EXERCISE  I-lO-lOb 

INSTRUCTIONS 

Use  your  SW  J3ABR56631  OOO-I-IO  to  answer  questions. 
1.      What  will  be  the  result,  if  the  packing  is  pressed  too  tight  in  the  stuff in 


review  some  of 
arate  publica- 
ress  check  under  instructor 


g  box? 


How  many  degrees  should  the  packing  be  staggered  when  repacking  the 


pump? 


3.      Why  must  the  packing  nuts  be  finger  tight  after  repacking? 


4.  What  tools  are  used  to  check  the  alignment  of  a  coupling? 

5.  What  is  the  purpose  of  priming  a  pump? 


6.      What  are  two  causes  for  a  pump  to  lose  its  prime  after  starti 


ng? 


PRCX5RESS  CHECK 


You  should  be  ready  for  the  Drotire*;*;  rhorir      t-p  4?,  «i 

the  previous  instruction,  do  sl"^  ?hrp™ess"checkT  llll.l''^  °^ 
tion  and  controlled  by  the  instructor  Von  mLt  h  \i  Prepared  as  a  separate  publica- 
supervision  and  comple^e'^t  Jrl. Ttrieav^ng'^or  tL%r'""''  ^-^-'•-'^^ 


SUMMARY 


Since  pumps  are  subject  to  malfunction,  you  must  be  familiar  with  +h«    . 

encountered  types  of  pumps  so  that  you  wlll'b^  ablelo^pe^JS^rn'mlinl^'aL'^ 


REFERKNCES 


1.  AFM  91-32.  Operation  and  Maintenance  of  Domestic  and  Industrial  Wastewacer  Syscems 

2.  TM  5-661.   Water  Supply  Systems  at  Fixed  Installations 
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3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  APR,  Texa.s 


PC  J3AnR56631   000- I -2a 


CAREER  LADDER 


OBJECT! VB 


.nH  ^^''^^  ''?Kff?;!r*'^  information  that  describes  th^  duties 

and  responsibilities  of  th«  566X1  Career  Field.     Four  of  five  must  be  correct. 

UEFERENCE/MATERIAL/EQUIPMENT 

Extract,  39-1 

INSTRUCTIONS 

1.  This  progress  check  consists  of  5  items.    You  must  solve  4  items  correctly  to 
receive  a  satisfactory  rating. 

2.  When  you  have  completed  the  progress  check,  return  it  to  your  instructor. 

3.  If  you  have  no  questions,  start  your  progress  check. 
DIRECTIONS 

From  the  following  list  of  statements  match  the  descriptive  term(8)  for  each 
statement.    Terms  may  be  used  once,  more  than  once,  or  not  at  all. 


STATEMENT 

1.    Operates  water  processing 
plants  and  CMiuipment. 


_2.    Monitors  solid  waste  collec- 
tion, transportation  and 
disposal  processing 
facilities. 


TERMS 

a.  Special  summary 

b.  Duties  and  responsibilities 

c.  Special  qualifications 


3.    Completion  of  basic  environ- 
mental support  course  is 
desirable. 


4.    Operates,  maintains,  and 
repairs  water  supply  and 
water  processing  plants  and 
systems  and  wastewater 
processing  plants  and 
systems* 


 5.     Completion  of  high  school 

with  courses  in  chemistry 
and  biology  is  desirable. 


  STOP   

Before  proceeding  any  further,  have  the  instructor  chock  your  work. 

 Instructor's  Initials 
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3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  APB,  Texas 


PC  J3ABR56631  000-I-2b 


CAREER  LADDER 

OBJECTIVE 

Using  the  566X1  career  field  ladder,  list  the  AFSC  titles  and  the  methods  of 
advancing  from  one  step  to  another*    Ten  of  fourteen  must  be  correct. 

REPERENCe/MATERlAL/EQUlPMENT 

.J3ABR56631  000  1-2  thru  10 

INSTRUCTIONS 

1.  This  progress  check  consists  of  fourteen  items.    You  must  solve  ten  items  correctly 
to  receive  a  satisfactory  rating. 

2.  Vhen  you  have  completed  the  progress  check,  return  it  to  your  instructor. 

3.  If  you  have  no  questions,  start  your  progress  check. 
DIRECT IONS 

From  the  following  list  of  Job  titles,  match  Column  A  with  the  appropriate  APSCs  in 
Column  R.     APSCs  may  be  used  onc6,  more  than  once,  or  not  at  all. 


COLUMN  A 

COLUMN  B 

1. 

Environmental  Support  Helper 

a. 

99000 

b. 

56691 

2. 

Environmental  Support  Apprentice 

c. 

56690 

3. 

Apprentice  Entomologist 

d. 

56671 

e. 

56670 

 4. 

Entomology  Technician 

f . 

56651 

5. 

Environmental  Support  Specialist 

g- 

56650 

h. 

56631 

6. 

Entomology  Support  Specialist 

i. 

56630 

7. 

Environmental  Support  Technician 

J- 

56611 

k. 

56610 

8. 

Sanitation  Specialist 

1. 

56600 

9. 

Sanitation  Superintendent 

m. 

N/A 

10. 

Basic  Airman 

Part  2, 
INSTRUCTIONS 

Write  the  correct  method  of  advancing  from  one  skill  level  to  the  next  highest  skm 
level  in  our  career  field. 


FROM 
SKILL  LEVEL 

1.  56611 

2.  56631 

3.  56651 

4.  56671 


TO 

SKILL  LEVEL 

56631 

56651 

56671 

56691 


UKTHOD  OF 
PROGRESSION 


RANK(S) 
AB  thru  AlC 
SrA  thru  SSgt 
SSgt  thru  MSgt 
SMSgt  thru  CMSgt 


-  STOP 


 Instructor's  initials 
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3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  AFB,  Texas 


PC  J3ABR56631  000-I-3a 


CIVIL  ENGINKERING  MANAGEMENT 

OBJECTIVE 

Given  four  statements,  select  the  one  that  best  identifies  the  BCE  mission. 
REFERENCE/MATERIAL/EQUIPMENT 

None 
INSTRUCTIONS 

1.  This  progress  check  consists  of  one  item.    You  must  solve  it  correctly  to 
receive  a  satisfactory  rating.  ^^xxc^uxy  tu 

2.  When  you  have  completed  the  progress  check,  return  it  to  your  instructor. 

3.  Tf  you  have  no  questions,  start  your  progress  check. 
DIRECTIONS 

Place  a  check  (  /)  mark  to  the  left  of  the  statement(s)  that  best  explains  the 
mission  of  a  Civil  Engineering  Squadron.  e^pxains  xne 

 ^»  Making  of  ice,  transportation  of  ice  to  facilities. 

 ^2.  Operate  and  maintain  aircraft  on  flightline. 

 3.  War  readiness. 

 4.  Control,  operate  and  mainta-.n  computer  machines. 


Instructor's  Initials 


3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  APB»  Texas 


PC  J3ABR56631  000-I-3b 


CIVIL  ENGINEERING  MANAGEMENT 


OBJECTIVE 

Given  an  ln<:omplete  BCE  organization  structure  chart,  complete  the  chart  by  writing 
th«  names  of  the  missing  functional  areas  in  the  appropriate  spaces.    Three  of 
five  must  be  correct* 

RKFERENCE/MATERIAL/EQUIPMENT 

Organl7;ational  Chart  (Blank) 

INSTRUCTIONS 

1.  This  progress  check  consists  of  five  itemst    You  roust  solve  three  iteros  correctly  to 
receive  a  satisfactory  rating. 

2.  When  you  havu  completed  the  progress  check,  return  it  to  your  instructor. 

3.  If  you  havo  no  questions,  start  your  progress  check. 
DIRECTIONS 

Pill  in  the  blank  spaces  on  the  Base  Civil  Engineering  Organizational  Chart  below. 


^  STOP   

Before  proceeding  any  further,  have  the  instructor  check  your  work. 

 Instructor's  Initials 
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3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  APB,  Texas 


PC  J3ABR56631  000-I-3c 


CIVIL  ENGINEERING  MANAGEMENT 


OBJECTIVE 

n,.^.K®i."^  ^  representative  list  of  functions,  responsibilities  and  a  list  of  CE  units 
match  the  functions  and  responsibilities  to  the  CE  unit  to  which  they  apply.  Sixof 
nine  must  be  correct. 

RBFBRENCE/MATERIAL/EQUIPMENT 

None 

INSTRUCTIONS 

1.  This  progress  i:heck  consists  of  nine  items.    You  must  solve  six  Items  correctly  to 
rocfiive  a  satisfactory  rating.  ^ 

2.  When  you  have  completed  the  progress  check,  return  it  to  your  instructor. 

3.  If  you  have  no  questions,  start  your  progress  check. 
OIRBCTIONS 

Prom  the  following  list  of  civil  engineering  functions  and  responsibilities,  match 
each  responsibility  statement  in  Column  A  to  the  correct  BCE  functional  areas  in  Column 


COLUMN  A 

Manage  and  supervise  construc- 
tion and  related  programs. 

_2.    Provid«^  fire  flghtiov* 
personnel  acd  equipment, 

_3.    Build  and  repair  training 
equipment. 

Responsible  for  providing  gas, 
heating,  cooling,  water  and 
wastewater. 

_5,    Record  keeping  on  roal  estate. 

_6.  Keep  real  property  and  equip* 
ment  in  good  living  end  work- 
ing condition. 


^_  7.    Arrange  and  coordinate  all 

small  to  large  jeh  programs. 


^8.    Responsible  for  clean 
residences  on  base. 


Cleans  buldings,  removes  snow, 
and  refuse  collection. 


STOP 


COLUMN  B 
^.    Training  aids 

b.  Maintenance  and  repair  of  structures 
and  equipment 

c.  Not  a  function 

d.  Planning  and  Programming 

e.  Engineering  and  Construction 
f»    Management  of  AF  real  property 

g.  Services 

h.  Family  Housing  management 

i.  Fire  protection 
J.  Utility  service 


Before  proceeding  any  further,  have  the  instructor  check  your  work, 
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CIVIL  SNGINCERING  MANAGEMENT 

OBJECTIVE 

Define  property  accountability  and  responsibility. 
RKPEKKNCE/MATEKIAL/KQUIPMKNT 

None 
INSTRUCTIONS 

1.  This  progress  check  consists  of  three  items.    You  must  solve  all  items  correctly  to 
receive  a  satisfactory  rating. 

2.  When  you  have  completed  the  progress  check,  return  it  to  your  instructor. 

3.  If  you  have  no  questions,  start  your  progress  check. 
DIRECTIONS 

Listed  below  are  three  terms  concerning  property  accountability  and  responsibility. 
Define  each  term. 

1.    S^ecunlary  liability 


2.     Custodial  : esponsibility 


3.    Property  accountability 


  STOP   

Before  proceeding  any  further,  have  the  instructor  check  your  answers. 

 I ns true tor *s  initials 
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SECURITY  (OPSEC) 

OBJECTIVE 

Given  information  pertaining  to  the  operational  activities  related  t)  AFSC  566X1 
select  three  activities  which  indicate  OPSEC  vulnerabilities.  ^ooai , 

REPKRENCE/MATKRI AL/EQUIPMENT 

None 

INSTRUCTIONS 

1.  This  progress  check  consists  of  three  items.    You  must  solve  all  items  correctly  to 
receive  a  satisfactory  rating.  ^ 

2.  When  you  have  completed  the  progress  check,  return  it  to  your  instructor. 

3.  If  you  have  no  questions,  start  your  progress  check. 
DIRECTIONS 

Select  three  activities  that  indicate  OPSEC  VMUerfibilities  from  Column  B. 

COLUMN  A  COLUMN  B 

^*   Prime  BEEF  exercise 

^*  .   b.  vpes-ational  Indicators 

^*   Type  ot  wat6T  analysiif. 

d.  Procedural  indicators 

e.  Type  of  wastewater  analysis 

f.  Communications  indicators 
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TKCHNICAL  PUBLICATION 


OBJECTIVE 


Using  numerical  indexes  and  requirement  tables,   locate  the  title  of  a  manual,  a 
regulation  and  a  technical  order  when  the  numbers  are  known,  with  no  more  than  three 
instructor  assists. 

REFKRKNCB/MATERIAL/EQUIPMENT 

TO  O-l-Ol 
APR  0-2 

INSTRUCTIONS 

1.  This  progress  check  consists  of  three  items.     You  must  solve  all  items  correctly  to 
receive  u  satisfactory  rating. 

2.  You  are  authorized  three  instructor's  assists. 

3.  When  you  have  completed  the  progress  check,  return  it  to  your  .  .dtructor. 

4.  If  you  have  no  questions,  start  your  progress  check. 
DIRECTIONS 

Write  the  publication  titles  to  match  the  list  of  publication  numbers  listed  below. 
1 .     TO  40W4-9-1 


2.  APR  91-26 

3.  APM  91-32 


  STOP   

Before  proceeding  any  further,  have  the  instructor  check  your  work. 
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TECHNICAL  PUBLICATIONS 

OBJECTIVE 

Using  a  manual,  a  regulation,  a  technical  order  and  a  conunercial  publication,  find 
the  answer  to  a  given  problem  with  no  more  than  three  instructor  sssists. 

ftEPERENCE /MATERIAL/EQUIPMENT 

TO  40W4-9-1  APM  91-32 

TO  40W4-13-1  APR  91-26 

INSTRUCTIOMS 

1.  This  progress  check  consists  of  five  items.     You  must  solve  all  items  correctly  to 
receive  a  satisfactory  rating. 

2.  You  are  authori:::6e  chree  instructor  assists. 

3.  When  you  have  voui}  oted  the  progress  check,  return  it  to  your  instructor. 

4.  If  you  have  ;i».«tion8,  start  your  progress  check. 
DIRECTIONS 

Using  thi^  available  publications  in  the  classroom,  locate  and  write  the  answers  to 
the  problems  listed  below.  There  U  at  least  one  problem  involving  the  use  of  each  of 
the  following  publications:     TO  40*4-9-1,  Ti}  40W4-13-1,  AFM  91-32,   and  APR  91-26. 

I.     If  the  reverse  osmosis  pump  ehuts  cIowA  by  itsAf  and/or  the  R.O.  pump,   low  pressure 
lamp  comes  on,  what  action(s)  8hii?u>d  Ho  takeif?? 


2.     What  may  be  the  probable  causes  if  diatom! te  filter  elements  will  not  take  a 
precoat? 


3.     In  a  wastewater  treatment  plant  using  rotating  biological  contactors,  you  notice 

large  areas  of  white  biomas«  forming  on  the  filter  media.  What  is  the  likely  cause 
and  what  action  should  be  taken  to  correct  this  problem? 


4.    The  »5of t  ^ning  capacity  of  a  Zeolite  bed  has  been  depleted.    Locate  and  list  the 
possible  causes  or  actions  to  take  to  correct  this  problem. 


EKLC 


 ,   STOP 

Before  proceeding  any  further,  have  the  instructor  check  your  work. 

 [  ^Instructor's  Initials 
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3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  AFB,  Texas 


PC  J3ABR56631  000-I-5c 


TECHNICAL  PUBLICATIONS 


OBJKCTIVE 


Given  information  pertaining  to  a  technical  order  deficiency,  select  the  action 
that  should  be  taken  to  correct  the  deficiency.    Three  of  the  four  must  be  correct. 

KEPKKENCE/IIATERl  AL/EQUI PMENT 


SW  J3ABR56631  000-1-2  thru  10 
INSTRUCTIONS 

1.  This  progress  check  consists  of  four  items.    You  must  solve  three  Items  correctly  to 
receive  a  satisfactory  rating. 

2.  When  you  have  completed  the  progress  check»  return  it  to  your  instructor. 

3.  If  you  have  no  questions,  start  your  progress  check. 

The  following  information  will  pertain  to  reporting  and  correcting  technical 
order  deficiencies.    Circle  the  correct  action  to  take  when  a  deficiency  is  found. 

1.  Select  the  most  correct  action  which  should  be  taken  when  a  T.O.  deficiency 
is  found. 

a.  Correct  the  error  using  black  ink 

b.  Pill  out  AFTO  Form  22  and  report  it  to  your  supervisor 

c.  Report  the  error  to  your  supervisor  and  make  the  correction  in  black  ink. 

d.  Report  tJ^e  <*»rror  to  your  supervisor. 

2.  When  should  an  improvement  report  be  subtf^lcted  for  action? 

3.  List  the  three  types  of  deficiency  reports  used  when  submitting  AFTO  Form  22. 


a 


b. 


ERIC 


4.     What  information  is  entered  in  the  following  blocks  of  APTO  Form  22? 


a. 

Block  - 

1 

b. 

Block  - 

2 

c. 

Block 

3 

d. 

Block  - 

7 

e* 

Diock  - 

o 
o 

f. 

Block  - 

10 

Block  - 

11 

h. 

Block  - 

12 

  STOP   

Before  proceeding  any  further,  have  the  instructor  check  your  work. 

 Instructor's  Initials 
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3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  AFB,  Texas 


PC  J3ABR56631  000-I-5d 


TECHNICAL  PUBLICATIONS 

OBJECTIVE 

Using  the  three  parts  of  a  GSA  supply  catalog  and  an  incomplete  list  of  stock 
numbers  and  nomenclatures,   locate  and  list  the  missing  information  with  no  more  than  two 
instructor  assists. 

REFERENCE/MATEKIAI./EQUIPMHNT 

SW  J3Amtr>f56:n  000-I-2  thru  10 
GSA  Catalog 

INSTRUCTIONS 

1.  This  progresw  check  consists  of  six  items.    You  must  solve  all  items  correctly  to 
receive  a  satisfactory  rating. 

2.  You  are  authorized  two  Instructor  assists. 

3.  When  you  have  completed  the  progress  check,  return  it  to  your  instructor. 

4.  If  you  have  no  quf^stions,  start  your  progress  check. 
DIKKCTIONS 

Use  a  GSA  catalog  to  find  the  stock  numbers  and  nomenclatures  for  the  following  list 
of  mlssinK  information. 

UNIT 

STOCK  NUMBERS  NOMENCLATURE  pRiCE 

1.    Reversible  ratchet  3/8-,  10"   

2.    Pliers,  Needle-Nose,  straight  with 

cutters,  6-1/2"   

3.  5120-00-240-5328 


  STOP  

Before  proceeding  any  furt?. have  the  instructor  check  your  work. 

 Instructor •«  Initials 
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3770  Technical  Training  Group 
Civil  Kngineering  Training 
Sheppard  AFB,  Texas 


PC  J3ABR56631  000-I-6a 


SAFETY  PROGRAM  AND  ACCIDENT  PREVENTION 


OBJKCTIVE 

Given  a  list  of  shop  and  plant  safety  hazards,  write  the  method  of  eliminating  each 
hazard  in  accordance  with  Air  Force  directives  with  no  more  than  one  instructor  assist. 

HBFKRKNCE/IIATKRIAL/EQUIPIIKNT 

None 

INSTRUCTIONS 

1.  This  progress  check  consists  of      items.    You  must       each  item  correctly  to 
receive  a  satisfactory  rating. 

2.  You  are  authorized  one  instructor  assist. 

3.  When  you  have  completed  the  progress  check*  return  it  to  your  insc/uctor. 
4«     If  you  have  no  questions,  start  your  progress  check. 

DIRKCTIONS 

Completf*  the  following  questions  pertaining  to  the  safety  program  and  accident 
prevention.     Hse  SG  APS  54,  55,  and  56,  SAFIiTY,  All  Courses. 

1.    What  is  the  general  purpose  of  Air  Force  Safety  Prograis;? 


2.     What  are  the  three  (3)  major  causes  of  accidents  in  the  Air  Force? 


STOP 


Before  proceeding  any  further,  have  the  instructor  check  your  work. 

  Instructor's  Initials 
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3770  Technical  Training  Group  PC  J3ABR56631  OOO-I-Sb 

Civil  Engineering  Training 
Sheppard  AFB,  Texas 

SAFETY  PROGRAM  AND  ACCIDENT  PREVENTION 

OBJECTIVE 

Identify  two  basic  facts  about  the  Air  Force  Safety  and  Accident  Prevention  Program. 
RKPKRENCK/MATKRIAFVEQUIPMKNT 

SG  AFS  54,  55,  56,   entitled  "SAFETY" 
INSTRUCTIONS 

1.  This  progress  check  consists  of  two  items.    You  must  answer  each  item  correctly  to 
receive  a  satisfactory  rating. 

2.  When  you  have  completed  the  progress  check,  return  it  to  your  instructor. 

3.  If  you  have  no  questions,  start  your  progress  check. 
DfKKCTlONS 

I.     Solve  each  of  the  following  problems  correctly. 

using  S(;  APS  54,  55,  and  56,  SAFETY,  All  Courses,  write  the  method  of  eliminating 
the  safety  hazards  involved  In  and  around  a  water  or  wastewater  plant  by  lisvine  the 
action (s)  to  take  below. 

1.     What  action(s)  should  be  taken  if  vapors  from  fuels,  oils  and  grei^ses  are  entering 
and  accumulating  in  the  laboratory? 


2.     What  action{s)  should  be  taken  when  excessive  tools  are  scattered  about  on  the 
floor,  work.stands  or  any  other  places? 


.     What  type  of  clothing  should  NOT  be  worn  when  working  with  moving  machinery  parts? 


4.     flow  shr>u1d  huavy  lirtlclus  be  carrlt?d  by  one  person? 


5.     When  mushroom  heads  develop  on  cold  chisels,  punches,  hammers  and  other  similar 
tools,  what  preventive  safety  procedures  should  be  taken? 


.     List  the  four  essential  aspects  of  behavior  whsn  working  in  a  hazardous  area. 

 STOP  

Before  proceeding  any  further,  have  the  instructor  check  your  work. 
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3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  AFB,  Texas 


PC  J3ABR56631  000-I-7a 


CORROSION  CONTROL 


OBJECTIVE 


Using  information  pertaining  to  corrosion,   list  the  causes  and  types  of  corrosion. 
Five  of  eight  must  be  correct, 

KEPKRBNCR/MATKRIAL/EQIJIPMKNT 

None 

INSTRUCTIONS 

1.  This  progress  check  consists  of  eight  items.    You  must  answer  five  items  correctly 
to  receive  a  satisfactory  rating. 

2.  When  you  have  completed  the  progress  check,  return  it  to  your  instructor. 

3.  If  you  have  no  questions,  start  your  progress  check. 
DIRECTIONS 

Complete  the  following  questions  pertaining  to  corrosion  control. 
1.     What  are  four  elements  that  cause  corrosion? 


A. 

b. 
c. 
d. 


What  arc;  th«f  four  types  of  corrosion? 


a. 


c. 


d. 


STOP 


Before  proceeding  any  further,  have  the  instructor  check  your  work. 


Instructor's  Initials 


7-1 


ERIC 


3770  Technical  Training  Oroup  PC  .i:JABRr>t><>:u  000- 1-71) 

Civil  Engineering  Training 
Sheppard  AFB,  Texas 

CORROSION  CONTROL 

OBJECTIVK 

Identify  the  three  methods  used  to  control  the  corrosion  process. 
REFKHENCK/MATERIAL/EQUIPMKNT 

SG  J3ABR56631  000-1-2  thru  10 
INSTRUCTIONS 

1.  This  progress  check  consists  of  three  items.     You  must  solve  each  item  correctly  to 
receive  a  satisfactory  rating. 

2.  When  you  hav<»  completed  the  progress  check,  return  it  to  your  instructor, 

3.  If  you  have  no  questions,  Ktart  your  progresh  check, 
DIRECTIONS 

I.     Solve  (»ach  of  the  following  problems  correctly. 

Complete  the  following  questions  pertaining  to  the  identification  of  each  corrosion 
control  process. 

1.    What  step  is  used  in  the  design  of  equipment  to  stop  ccToslon? 


2.     What  two  methods  of  cathodic  protection  are  used  to  protect  equipment? 


3.     What,  kind  of  protective  coatfng  is  used  to  guard  against  corrosion? 


STOP 


Before  proceeding  any  further,  have  the  Instructor  check  your  ork. 
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3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  AFB,  Texas 


PC  J3ABR66631  000-I-8a 


HAND  AND  SPECIAL  TOOLS 

OBJECTIVE 

Given  a  list  of  tasks  and  a  list  of  tools,  select  the  tool  that  should  be  used  to 
complete  each  task. 

REFERENCE/MATEKIAL/EQUIPMENT 

None 

INSTRUCTIONS 

1,  This  progress  check  consists  of  five  items.    You  must  &nsver  each  item  correctly  to 
receive  a  satisfactory  rating. 

2.  When  you  have  completed  the  progress  check,  return  it  to  your  instructor. 
3*     If  you  have  no  questions,  start  your  progress  check. 

DIRECTIONS 

Complete  the  following  questiQn3  which  pertain  to  the  identification  of  handtools 
and  what  tool  should  be  used  to  perform  a  specific  Job. 

1.  What  tool  is  used  to  remove  a  hex  head  bot? 

2.  What  tool  ^=*'>.'*d  be  used  to  remove  a  single  slot  screw? 

3.  WhHt  tool  should  be  used  to  remove  metal  piping? 

4.  What  tool  should  be  used  to  cut  metal  wire? 

5.  What  tools  should  be  used  to  remove  a  recessed  nut? 


  STOP   

Before  proceeding  any  further,  have  the  instructor  check  your  work. 
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3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  AFB,  Texas 


PC  J3ABR56631  000-I-8b 


HAND  AHD  SPECIAL  TOOLS 

OBJECTIVE 

Given  an  electric  grinder,  a  checklist  and  handtools,  perform  the  required 
inspection  and  maintenance  on  the  grinder  with  no  more  than  one  instructor  assist. 

KEPERENCE/IIATERIAL/EQUIPMENT 

Preprinted  Safety  Checklist 
Assorted  Hand  Tools 

INSTRUCTIONS 

1.  This  progress  check  consists  of  physically  performing  inspection  and  maintenance 
on  an  electric  grinder  in  accordance  with  a  checklist. 

2,  You  are  authorized  one  instructor  assist. 

3*    You  must  perform  each  step  in  the  checklist  in  order  to  receive  a  satisfactory 
rating. 

DIRECTIONS 

Attached  Is  a  checklist  pertaining  to  inspection  of  the  electric  grinder.    You  must 
porform  all  actioos  on  the  checklist  as  your  instructor  grades  you  in  the  performance  of 
^;ach  step. 

1.  Check  for  lose  wiring. 

2.  Be  sure  that  the  grindur  is  properly  secured  to  the  floor,  by  four  bolts. 

3.  Check  the  condition  of  the  grinding  wheel. 

4.  Adjust  the  safety  guards  to  cover  the  spindle  end. 

5.  Pill  the  temping  bowl  with  water. 

6.  Adjust  the  work  rest  to  support  the  tool. 

7.  Use  a  wire  brush  and  clean  grinding  wheels. 

8.  Wear  a  safety  shield  and  gloves,  start  electric  grinder. 

9.  Allow  one  minute  for  wheel  to  run  at  full  speed,  check  for  vibrations. 

10.  iShut  oCf  grinder  and  unplug. 


EKLC 


3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  AFB,  Texas 


PC  J3ABR56631  000-1-911 


0-'C:a,4TI0N  AND  MAINTENANCE  OF  WATER  AND  WASTE- 
WATER TREATMENT  SUPPORT  EQUIPMENT 


OBJECTIVE 


Given  four  control  devices,  identify,  inspect,  and  state  the  function  and  operation 
of  each. 

REFERENCE/MATERIAL/EQUIPMENT 


INSTKUCTIOMS 

1.  This  progress  check  will  consist  of  inspecting  and  disassembling  (if  required) 
various  control  devices.    You  must  determine  the  function  and  operation  of  each 
device  with  no  instructor  assistance. 

2.  When  you  have  completed  the  progress  check,  return  It  to  your  instructor. 

3.  If  you  have  no  questions,  begin  your  progress  check. 
DIRECTIONS 

You  will  be  given  four  (4)  control  device  numbers  1,  2,  3,  and  4.  You  must  inspect 
these  devices  and  state  the  function  and  operation  of  each. 

CONTROL  DEVICE  NUMBER  FUNCTION  OPERATION 


SW  J3ABR56631  000-1-2  thru  10 
Pneumatic  Control  Device 
Hydraulic  Control  Device 


Mechanical  Control  Device 
Electrical  Control  Device 
Assorted  Hand  Tools 


I. 


2. 


4. 


STOP 


Before  proceeding  any  further,  have  the  instructor  chock  your  work. 
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3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  AFB,  Texas 


PC  J3ABa56631  000-I-9b 


OBJECTIVE 

Identify  the  purpose,  operating  features  an<J  operator  maintenance  requirements  for 
air  compressors.     Three  of  the  five  must  be  correct.  requirements  for 

RKFERENCfi/MATKRIAL/RQUIPMKNT 

None 

INSTRUCTIONS 

^'  ""^r^  consists  of  five  items.     You  must  answer  three  items  correctly 

to  receive  a  satisfactory  rating.  ^  ^  KZf^v±y 

2.  When  you  have  completed  the  progress  check,  return  it  to  your  instructor. 

3.  If  you  have  no  questions,  start  your  progress  check. 
DIRECTIONS 

Answer  the  following  questions  concerning  air  compressors. 
1.     What  is  the  purpose  of  an  air  compressor? 


2.     Which  component  prevents  the  air  storage  tank  from  rupturing? 


3.     What  two  purposes  do  the  air  filters  on  air  compressors  -lerve? 


4.     Why  must  condensate  be  drained  from  air  compressors  daily? 


5.     In  addition  to  draining  condensate  daily,  what  other  operator  maintenan-  i  must  bo 
performed  on  air  compressorci?     (name  two  items) 


STOP 


Before  proceeding  any  further,  have  the  instructor  check  your  work. 


Instructor's  Initials 
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3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  AFB,  Texas 


PC  J3ABR56631  000-I-9c 


OPERATION  AND  MAINTENANCK  OF  WATER  AND  WASTE- 
WATER TREATMENT  SUPPORT  EQUIPMENT 

OBJECTIVE 

storSge"taJks/'"^^'  ''^  purposes,  type,  and  Inspection  procedures  for  water 

REFERENCK/MATJjRIAL/EQUIPMKNT 

AFR  91-26 
INSTRUCTIONS 

lo%^eti:i^^^^^^  —  each  Ite.  correctly 

2.  When  you  have  completed  the  progress  check,  return  It  to  your  Instructor. 

3.  If  you  have  no  questions,  start  your  progress  check. 
DIRECTIONS 

Using  AFR  91-26,  complete  the  following  Items  pertaining  to  wate.^  storage  tanks. 

1.  Whiii.  are  the  three  purposes  of  water  storage  tanks? 
a. 

b. 
c. 

2.  What  arci  the  three?  types  of  ytorage  tanks? 
b. 

3.  List  three  inspection  procedi  as  fc    each  type  of  storage  t-nk  listed  in  question 
a. 

1. 
2. 
3. 

b. 

1. 
2. 
3. 


9-3 
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1. 

2. 
3. 


  STOP   

Before  proceeding  any  further,  have  the  Instructor  check  your  work. 

 Instreictor *h  Initials 
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37'/0  rechnical  Training  Group 
Civil  Engineering  Training 
Sheppard  AFB,  Texas 


PC  J3ABR56631  Oj>  i-9cl 


OPERATION  AND  MAINTI-ANCE  OF  WATISK  AND  WAt.TE- 
WATKR  TREATMENT  SUPPORT  EQUIPMENT 


OBJECTIVE 


Given  a  set  of  incomplete  statements  about  various  valves,  make  written  resoonses 
to  identify  each  valve.     Seven  of  the  ten  must  be  correct.  written  responses 

REFERENCE/MATERIAL/EQUIPMENT 

None 

I  INSTRUCTIONS 

1 


This  progress  check  consists  of 
receive  a  satisfactory  rating. 


items.    You  must  answer  seven  correctly  tc 


2.  When  yo^s  nave  completed  the  progress  check,   return  It  to  your  instructor. 

3,  If  you  have  no  questions,  start  your  progress  check. 
DfRKCTIONS 

^f.tlT^l''^''  the  following  questions  by  making  written  responses  to  the  incomplete 
statements  pertainxng  to  the  identification  of  valves.  incunipj.ete 

1 

2, 
3. 


6. 
7. 
8. 
9. 


A 


direction. 
A 


valve  is  used  for  services  requiring  infrequent  operation, 
valve  is  used  for  services  requiring  frequent  operation, 
valve  is  used  when  there  is  a  need  to  control  the  flow  in  only  one 

valve  Is  used  for  services  requiring  sludge  operations. 


A  disc  thnt  opens  by  water  pressure  and  closes  by  gravity  is  used  in  a 


Two  variations  of  the  gate  valve  are  ^ 

^  .  valve  is  used  :o  regulate  flow. 

^  valve  opens  and  closes  with  1/4  of  a  turn. 

A  lift  check  valve  -an  only  be  installed  in  a    une. 


10.  The  three  general  types  of  valve  bonnets  are 
and 


Instructor's  Initials 
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3770  Technical  Training  Group  „^ 

Civil  Engineering  Training  J3ABR56631  000-I-9e 

Sheppard  AFB,  Texas 

OPERATIOM  AND  MAINTENANCE  OF  WATER  AND  WASTE- 
WATER SUPPORT  EQUIPMENT 

OBJECTIVE 

one  ?is?;u:tS5'assr:Jr''  ^-P-<^t,  and  reassemble  the  valve  with  no  mora  than 

RKFBRENCE/MATERT  AL/EQU.:  M^ilNT 

Assortfjcl  Hand  Tools 
INSTRUCTIONS 

^'    l^ll  progress  check  consists  of  a  performance  item.     You  must  accomplish  each  ^ten 
correctly  to  receive  a  satisfactory  rating.  accompiisn  each  step 

2.  Your  instructor  will  grade  you  on  step  by  step  p/ocedures. 

3.  If  you  have  no  questions,  start  your  p    v^ress  check. 
DIRECTIONS 

Of  Jli^lZ  iJlve'?'1jrjhei;°:a?v:';l?!"L'?uJJLJed'%'^^'"'^^;  inspection  and  reassembly 
proper  tools  and  be  saf eEy1<,nsci:ourjJ  SamlgrSg'SalvrpCts'^  instructor.  Use 

CHECKLIST 
Check  Valve 

Disassemble 

1.  Remove  valve  cover. 

2.  Loosen  and  remove  hinge  pin. 

3.  Remove  the  cl^^pper  assembly. 

Inspection 

4.  Inspect  clapper,  clapper  arm,  cotter  pin,  threads  and  nut. 

sefunj.^'^'''  ''"^  "^"^^  ^^'^l^  or  scars  to  insure  proper 

Reassemble 

6.  Place  clapper  assembly  into  valve  case. 

NOTE:     Insure  correc.  placement  of  clapper;  note  direction. 

7.  Insert  hinge  pin  into  valve  casing  and  through  the  clapper  hi^.^e. 

8.  Hand  tighten  hinge  pin. 

9.  Install  cover  and  hand  tighten. 

  STOP  

Before  proceeding  any  further,  have  the  instructor  check  your  work. 

 Instructor's  Initials 


3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  AFB,  Texas 


PC  J3ABR56631  000-.I-9f 


OPERATION  AND  MAINTENANCE  OF  WATER  AND  WASTE- 
WATER  SUPPORT  EQUIPMENT 

OBJECTIVE 

RRFERKNCE/MATERIAL/EQUIPMENT 

SW  J3ABR56631  000-1-2  thru  10 
Packing,  Valve,  Assorted  Hand  Tools 

INSTRUCTIONS 

2.  Your  instructor  will  grade  you  on  step  by  step  procedures. 

3.  Yoi.  are  authorized  one  instructor  assisi. 

3.     If  you  have  no  questions,   start  your  progress  check. 
niRKCTIONS 

1.     Solve  each  of  the  following  problems  correctly. 

arou^J'iS:  sE:mm'ga%'e'vij;e'''J;n"iw"%;:  JS^t'^^r'  "^"J  replacement  of  the  packing 
use  the  correct  tools  ?or  cJtuie  Se  nacl^fne  -^J       v?"^  ^^"^u  instructor  and 

conscious  when  using  shJrp  2nd  pliJ!ld'^?oJls      Go  tn  °°  T^''^-  ^^^^^^ 

Classroom  and  selec?  one  It^lL'fJlltt  iTlle  tltiltr'To  ^e^ack"'"''"  °' 

CHECKLIST 

Repacking  a  Gate  or  Globe  Valve 

Disassemble 
1*    Open  valve  fuJj.v  ':Ot:r?cerc-  jkwlse. 

2.  Remove  '*heel  lu   .  .iLt. 

3.  Remove  hand  wheel, 

4.  Remove  packing  nut. 

5.  Remove  packing  gland. 

6.  Remove  aU  packing  threads  from  stuffing  box. 
Inspection 

^*    mJJJer.— -  "'^  stuffing  box  is  clean  and  free  of  foreign 

8.  Check  valve  stem  and  threads  Hor  exc^^Uve  wear. 

9.  Check  stuffing  box  and  casing  for  cracks. 
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Replace  packing 
Reassemble 

12.  Install  packing  gland. 

13.  Install  packing  nut  and  hand  tighten. 

14.  Place  hand  wheel  on  valve  stem. 

15.  Place  wheel  lock  nut  on  valve  stem  and  tighten  lightly  with  wrench. 
16^     Close  valve  approximately  half  way. 

17.  Turn  on  main  water  valve. 

18.  Tighten  packing  nut  until  water  stops  leai  .ng. 

19.  Close  val^.^  fully. 


STOP 


ERIC 
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3770  Technical  Training  Group 
Civil  Engineering  Training 
8heppard  APB,  Texas 


PC  J3ABK56631  000- I -9g 


OPERATION  AND  UMCnmv':^  €r  Wi^TRR  AND  WASTE- 

^A'":'.--  '?^kvnf*i;iKT  UNIT 


OBJECTIVE 


i^o/!k"^  ''"'^  iaforraatlon  pertaMifr^g        electric  notora  and  power  conne-tors 

list  the  operational  maintenance  requlrer..^.^t:  i or  rotors  and  connectS^sf 

REFERENCE/MATERIAL/EQUIPMENT 

SW  J3ABR56631  000-1-2  thru  10 
AFR  91-26 

INSTRUCTIONS 

1.  This  progress  check  consists  of  sixteen  items.    You  must  complete  each  item 
correctly  to  receive  a  satisfactory  rating.  v-umpieue  eacn  item 

2.  When  you  have  completed  the  progress  check,  return  it  to  your  instructor. 

3.  If  you  have  no  questions,  start  your  progress  check. 
DIRKCTIONS 

List  the  operational  checks  and  maintenance  requirements  for  motors  and  ooirer 
connectors.     You  may  use  AFR  91-26.  motors  and  power 

Piece  of  Equipment  Operational  Checks  Maintenance 

I.  Motors 


Belt  drives 


3.    Chain  drives 


4.  Couplings 


a. 

a. 

b. 

b. 

c. 

«v . 

2i. 

a. 

b. 

b. 

a. 

a. 

b. 

a. 

a. 

37/0  Technical  Training  Group 
Civil  Engineering  trftinlng 
Sheppard  AFB,  Texxs 


PC  J3ABR56631  000-J[-9h 


OPPRATION  AND  MAINTENANCE  OP  WATER  AND  WASTE- 
WATER  SUPPORT  EQUIPMENT 

OBJECTI^^E 

Given  InformatiAr  pertaining  to  chemical  feeders,  Identify  the  three  tvoes  of 
chemical  feeders  by  completing  written  statements.  ™ 

REFERENCE/MATERIAL/EQUIPMENT 

None 

INSTRUCTIONS 

1.  This  progress  check  consists  of  three  Items.     You  must  solve  each  Item  correctly  to 
receive  a  satisfactory  rating,  ^urr«^wxy  to 

2.  When  you  have  completed  the  progress  check,  return  It  to  your  Instructor. 

3.  If  you  h^.ve  no  questions,  start  your  progress  check. 
DIRECTIONS 

I.    Solve  each  of  the  following  problems  correctly. 

roi„i?^?^^^ou^^^  ^^''''^  ^^^""^        chemical  feeders  by  completing  the  statements  In 
twice  o^ not  ^rair"''  ^"  Column  B  way  be  used  once, 

^^^^^^  A  COLUMN  B 

^-     A   chemical  feeder  displaces  Solution 

a  definite  weight  of  present  volume  of  chemical. 

^-    ^  .   chei.yical  feeder  Injects  a  Volute 

chemical  solution  into  the  water  supply. 

^»     A  chemical  feeder  may  be  3as 

either  vacuum  or  direct  feed. 

Dry 
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3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  AFB,  Texas 


PC  J3ABR56631  000-1-91 


OPKRATION  AND  MAINTENANCE  OF  WATER  AND  WASTE- 
WATER SUPPORT  EQUIPMENT 

OBJECT I VK 

REFKRENCE/MATKRIAL/EQUIPMENT 

Assorted  Hand  Tools 
Dry  Chemical  Feeder 
G&8  Feeder 
Solution  Feeder 

INSTRUCTIONS 

1.  This  progress  check  consists  o.'    ,  .^v:  parts.    You  must  correctly  perform  all  items 
with  a  maximum  of  five  instruc        .Ovists  to  receive  a  satisfacL?y  ratinj! 

2.  When  you  have  completed  the  profe-  -    check,  return  it  to  your  instructor, 

3.  If  you  have  no  questions,  start  your  progress  check, 
DIRECTIONS 

PROGRESS  CHKCK  1-91  (1) 

student's  Name 


INSTRUCTIONS 

Follow  the  checklist  below  pertaining  to  the  disassembly,  inspection  and  reassembly 
of  a  chemical  solution  feeder.    The  feeder  is  located  on  the  pump  trainer  at  the  rear  of 

hl'^^hl^fnl?^'"'*    ^®         ^^''P'^''  ^'''''^^         ^  conscious;  assistance  will  be  given 

Dy  me  xnsxriicxor. 


CHECKLIST 
Chemical  Solution  Feeder 

DISASSEMBLE  UNIT 

1,  Remove  suction  and  discharge  tubing 

2,  Remove  poppet  valves 

3,  Remove  four  (4)  screws  and  pump  head 

4,  Remove  flexible  diaphragm 

5,  Remove  rubber  boot 

INSPECT  COMPONENTS 

6,  Insp**  t  for  cracks  and  tears  on  rubber  boots  and  flexible  diaphragm, 

7,  Inspec    for  cracks  on  plastic  pamp  head, 

8,  Check  the  0-ring  for  worn  areas  and  cracks, 

9,  Insure  chemical  passage  channels  are  clear, 

10,  Insure  poppet  valves  are  free  from  scale  or  chemical  buildup  -  insure  valves 
seat  properly, 

11.  Check  to  insure  chemical  feeder  lines  are  unobstructed. 
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REASSRMBLR  UNIT 


12.  Before  installing  feeder  parts,  turn  ^-^der  control  knob  to  no  feed  rate. 

13.  Install  rubber  boot  on  pump  shank. 

14.  Install  rubber  diaphragm. 

15.  Install  plastic  pump  head  with  four  ^4)  screws. 

16.  Install  suction  and  discharge  tubing  and  poppet  valves. 

17.  Prinie  the  chemical  feeder. 

\l'  ?h!!!^^         chemical  feeder  and  pump  a  liquid  through  th.-*  feet?^.^  l^r.^s. 

19.  Adjust  control  knob  to  ^6  feed  rate. 


STOP 
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PROGRESS  CHECK  1-91  (2) 


Student  •s  Name  

Instructions 

Follow  the  checklist  below  pertaining  to  the  disassembly,  inspection  and  retLBee&hly 
or  a  dry  chemical  feeder. 

Checklist 
^Jry  Chemical  Feeder 

Disassemble  Unit 


Inspect  Components 


Reassemble  Unit 


STOP 


At  this  time  have  the  instructor  confirm  proper  operation  of  the  chemical  feeder  and 
*'^r.t  you  have  completed  this  objective. 

Turn  feeder  off;  clean  area,  store  tools. 
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Of  a'gif^heSrcaJ^e;,:.."''"'  Pertaining  to  the  disassembly,  inspection  and  rea,sen>bly 

CHLORINE  TRAINER  PROCEDURES  CHECKLIST 

Chlorine  Gas  Room 

1.  Smell  for  chlorine  gas  odor. 

2.  Visually  check  feed  controller. 

3.  Check  safety  chains. 

4.  Cylinder  weight  is   lbs. 

Exchange  chlorine  cylinder 

1 .  Secure  scale. 

2.  Close  main  chlorine  cylinder  valve. 

3.  fait  until  gas  dissipates  within  feed  j^Outroller. 

M.  Disconnect  plastic  feed  and  ^^nt  lin««  to  chlorinator 

♦5.  Disconnect  chlorinator  ioc?'  -  '^"•ew- 

6.  Remove  chlorinator  unit. 

7.  Install  valv9  cap. 

8.  Install  cylinder  cap* 

9.  Unfasten  safety  chain. 

♦10.  Remove  empty  cylinder  from  scale,  set  aside. 

♦11.  Place  full  cylinder  on  scale. 

12.  Check  cylinder  valve  position. 

13^  Secure  safety  chain. 

14.  Remove  safety  chain. 

15.  Insure  that  main  cylinder  valve  is  closed. 

10.  Remove  valve  cap  and  gasket. 

Attach  chlorinator  to  chlorine  cylinder 

1.  Remove  old  gasket  from  chlorinator  aesd  replace  it  with  new  crasket 

2.  Clean  stem  and  orifice  area  of  chlorinator.  ff^ket. 
•i.      Mount  chlorinator  and  secure  locknut  and  bolt. 

Secure  two  (2)  plastic  feed  and  vent  lines  to  chlorinator. 
o.      Open  chlorine  cylinder  valve. 

6.      Set  switch  on  chlorinator  from  "no  gas"  to  "operate" 

?;i?Sa?i^rfe'e"?a;e/*'*'  controlr.r  to  insure  smairblack  ball  is  c.orational, 

8.  Check  foit^  chloilne  leaks. 

9.  Adjust  fe^d  cositrolr 

10.  Tag  chlorine  cylinder. 

11.  Weiisht  of  full  cylinder  is    ibs. 


STOP 


Before  proceeding  any  further,  have  ^  -  instructor  check  your  work. 

^  Instripctor's  Initials 
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3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  APB»  Texas 


PC  J3ABR56631  000- 1-9 j 


OPERATION  AND  MAINTENANCE  OF  WATER  AND  WASTE- 
WATER SUPPORT  EQUIPMENT 


OBJKCTIVE 

Given  information  pertaining  to  different  types  of  measuring  devices*  write  the 
function  and  application  of  each  and  record  a  meter  reading*  Five  of  seven  must  be 
correct. 

REFERENCE /MATERI AL/EQU I PMRNT 

SO  J3ABR56631  000- I  thru  10 
INSTRUCTIONS 

1.  This  progress  check  consists  of  seven  items.    You  must  correctly  answer  five  items 
to  receive  a  satisfactory  rating. 

2.  When  you  have  comnleted  the  progress  check,  return  it  to  your  instructor. 

3.  If  you  have  no  questions*  start  your  p>Togre8S  check. 
DIRECTIONS 

List  the  various  water  meter  and  measuring  devices  and  state  the  operating  function 
of  each  device.  State  the  purpose  or  application  of  each  unit.  Go  to  the  pump  trainer 
At  the  rear  of  the  classroom  and  record  your  water  meter  readings* 


TYPES  OF  MEASURING  DEVICES  APPLICATION  FUNCTION 

1*    Positive  displacement 


2.    Curient  Velocity  (turbine) 


3.  Compound 


4.  Venturi 


5.    Orifice  Meter 


6.    Parshall  Flume 


7.    Reading  taken  from  meter 


3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  APB,  Texas 


PC  J3ABR56631  000-I-9k 


OPERATION  AND  MAINTENANCE  OF  rATER  AND  WASTE 
WATER  SUPPORT  EQUIPMENT 


OBJKCTIVE 

Given  a  water  meter,  disassemble,  inspect  and  reassemble  the  meter  using  a  checklist 
or  manufacturer's  brochure  with  no  more  than  one  instructor  assist* 

R  EPER  BNCE /MATER I AL/ EQU I PMENT 

Manufacturer's  Brochure,  Water  Meter ,  Assorted  Hand  Tools ,  Checklist 

INSTRUCTIONS 


1. 

This  progress  check  consists  of  a  performance  item.  You 
items  to  receive  a  satisfactory  rating. 

must 

correctly  perform  all 

2. 

You  are  authorized  one  instructor  assist. 

3. 

When  you  have  completed  the  progress  check,  return  it  to 

your 

instructor. 

4. 

11  you  have  no  questions,  start  your  progress  check. 

DIRECTIONS 

Follow  the  checklist  below  pertaining  to  the  disassembly,  inspection  and  reassembly 
of  a  water  meter.    The  meter  and  manufacturer's  brochure  will  be  furnished  to  you  by  the 
instructor^    Use  the  proper  tools  and  be  conscious  of  all  small,  delicate  meter  parts. 
Practice  tool  safety. 


Disassemble  Unit 

1.  Loosen  seal  screw  on  register  assembly. 

2.  Remove  six  housing  bolts. 

3.  Remove  housing. 

4.  Remove  plastic  retainers  strap           CAUTION:    DO  NOT  use  excessive  pulling 

force,  plastic  strap  will  tear! 

5.  Remove  meter  chamber  unit  and  plastic  screen. 

6.  Disarsemble  meter  chamber           CAUTION:    Small,  delicate  tarts  require  care 

when  disassembling. 

a.  Separate  chamber  halfs  - 

1_    DO  NOT  DISASSEMBLE  TOP  HALF. 
2    DISASSEMBLE  BOTTOM  HALF  -  ONLY. 

b.  Remove  nutating  disc    CAUTION:    Small  parts. 

c.  Remove  thrust  roller  and  insert. 


CHECKLIST 


Water  Meter 
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Inspection 

!•    Check  for  worn»  cracked  or  swollen  disc. 

2.  Check  for  cracked  or  broken  meter  parts. 

3.  Check  for  scale  and  algae  -  remove  if  necessary. 

4.  Inspect  plastic  screen,  clean  If  required. 

5.  Insure  Inlet  and  outlet  passage  ways  are  clean  of  scale  and  clear  of  forelsn 
matter. 

6.  Check  rubber  seal  and  gasket  for  wear  and  cracks. 

7.  Check  meter  bolts  for  corrosion  and  stripped  threads  -  replace  If  necessary. 
S.    Insure  dial  recorder  Is  operational;  DO  NOT  disassemble  dial  unit. 

Reassemble  Unit 

1.  Place  thrust  roller  and  thrust  Insert  Into  respective  components. 

2.  Insert  nutating  disc  Into  bottom  half  of  meter  chamber,  aligning  the  thrust 
roller  with  the  thrust  Insert. 

3.  Place  the  top  disc  chamber  onto  the  bottom  disc  cshamber  aligning  the  two  (2) 
chamber  guides  -  Insure  the  outlet  ports  are  mittched  together,  side-by-8ld^^<. 

4.  Holding  entire  chamber  together,  check  for  freedom  of  disc  movement  by  turning 
the  drive  mechanism  (magnet). 

5.  Install  0"ring  gasket  on  meter  case. 

6.  Install  plastic  screen  on  inlet  side  of  meter  case. 

7.  Insert  disc  chamber  into  bottom  of  meter  case,  using  the  guide  post  for  urooer 
alignment.  »  k 

8.  Insert  plastic  chamber  retaining  strap    CAUTION:    DO  NOT  use  excessive 

force,  plastic  will  tear! 

9.  Place  meter  housing  top  on  housing  base,  aligning  arrow  with  inlet  side  of 


meter. 


10. 


Insert  six  (6)  bolts  and  washers. 


11. 


Hand  tighten  met^r  bolts.  DO  NOT  USE  A  WEKNCH  FOR  TIGHTBNING  BOLTS! 
Place  meter  dial  and  register  on  meter  case. 


13. 


Hand  tighten  seal  screw. 


STOP 


irm  proper  operation  of  the  meter  and  that  yo« 


.Instructor's  initial. 
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3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  APB,  Texas 


PC  J3ABR56831  000-1-91 


OPERATION  AND  MAINTENANCE  OP  WAT.BR  AND  WASTE- 
WATER SUPPORT  EQUIPMENT 

OBJECTIVE 

Monitor  the  operation  of  selecter^  backflow  preventers  and  list  the  four  methoods  of 
backflow  prevention  with  no  more  than  ot^e  instructor  assist. 

REPERENCE/MATERIAL/EQUIPMENT 

3  Backflow  Preventer  Devices 
Assorted  Hand  Tools 

INSTRUCTIONS 

1.  This  progress  check  consists  of  two  part©.    Part  I  requires  performance  while  Part 
II  is  a  written  exam.    All  items  oust  be  performed  satisfactorily  and  all  written 
responses  must  be  correct. 

2.  You  are  authorized  a  total  of  one  instructor  assist  on  the  entire  combined  progress 
check . 

3.  When  you  have  completed  the  progress  check,  return  it  to  your  instructor. 
DIRECTIONS 

PART  I.    Your  instructor  will  provide  you  with  the  location  of  three  permanently 
installed,  operating  backflow  preventors.    Monitor  the  operation. 

LOCATION 

1.  Room  30 »  Bldg  1921 

a.  Operate  flow  valve  in  chemical  mixing  tank. 

b.  Lift  float  rapidly  to  stop  the  flow  of  water. 

c.  Monitor  backflov  device  to  determine  if  backpressure  is  vented. 

2.  Outside  lawn  sprinkler 
(between  fence  and  storage 
shed»  west  side»  plumbing 
area) 

a.    Open  main  controlling  valve  to  activate  sprinkler  system, 
br    Monitor  operation  to  determine  if  poppet  is  operatinge 

3.  Room  46»  Bldg  1921 

a.  Monitor  to  determine  if  backflow  preventer  is  in  operation. 

b.  Determine  flow  direction. 

PART  II.    List  the  four  types  of  backflow  preventers. 

1. 

2. 

3. 

^-  291 
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3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  AFB,  Texas 


PC  J3ABR56631  000-I-9id 


OPERATION  AND  MAINTENANCIi  OF  WATER  AND  WASTE- 
WATER SUPPORT  EQUIPMENT 


OBJECTIV;^ 


i-^  JLilTt^^^^^  preventer  malfunctions,  select  the  maintenance  required 

to  correct  the  malfunction.    Three  of  four  must  be  correct. 

REPERENCE/MATERIAL/EQUIPMENT 

None 

INSTRUCTIONS 

JIl^L^I?urf®o''5?''*  consists  of  four  items.    You  must  correctly  answer  three  items 
to  receive  a  satisfactory  rating. 

2.  When  you  have  completed  the  progress  check,  return  it  to  your  instructor. 

3.  If  you  have  no  questions,  start  your  progress  check. 
DIRECTIONS 

Below  are  listed  four  backflow  preventer  malfunctions  and  a  corresponding  list  of 
maintenance  actions  required  on  these  devices.    Match  the  applicable  maintenance  action 
with  the  backflow  preventer  requiring  that  type  of  maintenance.    Each  maintenance  action 
may  oe  usnd  once,  more  than  once  or  not  at  all. 


1.    The  spring  loaded  check  valve 
failed  to  close  during  teating. 


Insure  separation  between  pot- 
able and  non-potable  water  is 
2  times  the  pipe  diameter • 


2.  The  distance  from  the  delivery 
line  to  the  receivinf^  line  looks 
questionable  on  an  air  gap  back- 
flow  preventer. 

3.  The  relief  valve  between  the 
check  valves  on  an  RP  device 
leaks. 


Replace  with  a  pressure 
vacuum  breaker. 


c.      Remove  and  clean  the  diaphragm. 


d.      Replace  springs. 


4. 


The  poppet  on  an  atmospheric 
vacuum  breaker  has  become  stuck 
due  to  continuous  pressure. 


e.      Replace  the  poppet. 
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OPERATION  AND  MAINTENANCE  OF  WATER  AND  WASTE- 
WATER SUPPORT  EQUIPMENT 

OBJECTIVE 

Using  APR  91-26,  list  three  operational  services  which  are  common  to  standby 
engines* 

RBPERENCB/MATERIAL/SQUIPMENT 

APR  91-26 
INSTRUCTIONS 

1.  This  progress  check  consists  of  three  Items.    You  must  correctly  answer  all  Items 
to  receive  a  satisfactory  rating. 

2.  You  may  use  APR  91-26. 

3.  When  you  have  completed  the  progress  check,  return  It  to  your  Instructor. 

4.  If  you  have  no  questions,  start  your  progress  check. 
DIRECTIONS 

Below  are  three  (3)  phases  of  the  operation  of  a  standby  engine,  list  three  services 
essential  In  each  operation.    Use  APR  91-26  to  aid  you. 

1.  Preoperatlon  Service 

2.  During  operation 

3.  Post-operation 
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3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  AFB,  Texas 


PC  J3ABR56631  000-I-9O 


OPERATION  AND  MAINTENANCE  OF  WATER  AND  WASTE- 
WATER SUPPORT  EQUIPMENT 


OBJECTIVE 

Given  a  list  of  punp  types  and  a  list  of  pump  characteristics,  match  the  pump  type 
to  its  characteristic.    Three  of  the  five  answers  must  be  correct. 

REFERENCE/MATERIAL/EQUIPMENT 

None 

INSTRUCTIONS 

1.  This  progress  check  consists  of  five  Items.    You  oust  correctly  answer  three  Items 
to  receive  a  satisfactory  rating. 

2.  When  you  have  conqpleted  the  progress  check,  return  It  to  your  Instructor. 

3.  If  you  have  no  questions,  start  your  progress  check. 
DIRECTIONS 

Match  the  pump  to  lt*s  characteristic.    Match  the  letter  column  to  the  numbered 
column  by  entering  the  letter  In  space  In  front  of  the  number. 


Pump  Type 
1.  Centrifugal 


Characteristic 
a.      No  moving  parts  In  the  water 


2 .  Rotary 

3.  Piston 

4.  Air  Lift 

5.  Diaphragm 


b.  Separates  the  liquid  from  the 
moving  parts 

c.  May  be  single  or  double  acting 


d.      Used  for  priming  larger  pumps 


e.      Disc  with  vanes  curved  backward 
from  the  direction  of  rotation 


EKLC 
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3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  AFB,  Texas 


PC  J3ABR56631  000-I-9p 


OPERATION  AND  MAINTENANCE  OP  WATER  AND  WASTE- 
WATER SUPPORT  EQUIPMENT 


OBJECTIVE 

Using  the  sewage  lift  station  trainer  and  working  as  a  team,  monitor/operate  the 

trainer  in  accordance  with  standard  operating  procedures  with  no  more  than  two 
Instructor  assists* 

RKPBRENCE/MATERIAL/EQUIPMENT 

None 


INSTRUCTIONS 


I. 

This  progress  check  consists  of  a  performance  Item*  You 
step  to  receive  a  satisfactory  rating. 

must 

correctly  perform  each 

2. 

You  will  be  a  member  in  a  team  o£  three* 

3. 

When  you  have  completed  the  progress  check,  return  it  to 

your 

instructor. 

4. 

You  are  authorized  one  Instructor  assist. 

5. 

If  you  have  no  questions,  start  your  progress  check. 

INSTRUCTION 


Follow  the  checklist  for  the  operation  oS  sewage  lift  trainer.    The  Instructor  will 
take  you  to  the  trainer.    You  will  operate  this  trainer  as  a  member  of  a  team  consisting 
of  no  more  than  three. 

CHECKLIST 

1 .  Safety 

a.  Remove  all  Jewelry. 

b.  Good  housekeeping. 

c.  Disconnect  power  before  filling. 

2.  Prepare  for  operation 

a.  Close  valves  1  and  2 

b.  Remove  filler  plug  3 

c.  Pill  holding  tank 

d.  Move  motor  switches  to  automatic 

e.  Turn  main  breaker  to  off 

f.  Open  valve  1 

g.  Move  main  breaker  to  on 

3.  Monitor  the  operation 

a.  Check  motor  during  operation  for  overheating 

b.  Check  control  devices 

c.  Check  for  leaks 

d.  Check  alarm 

e.  Take  pressure  gauge  reading 

f.  Alternate  pumps  - 

g.  Check  packing  leakage 


EKLC 
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Perform  normal  shutdovn 


a*  Turn  breakers  to  off 

b.  Drain  all  equipment 

Perform  emergency  shutdown 

a.  Move  main  breaker  to  off 

b.  Disconenct  main  power  cable 

c.  Drain  all  equipment 

d*  Notify  the  proper  personnel 
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OPERATION  AND  MAINTENANCE  OP  WATER  AND  WASTE- 
WATER SUPPORT  EQUIPMENT 

OBJECTIVE 

than  two  instructor  assists?  ^'^ainer  in  accordance  with  checklist,  with  no  more 

REPERENCE/MATERIAL/BQUIPIIENT 

Checklist/PC  J3ABRE56631  000-1  thru  10 
Assorted  Hand  Tools 

INSTRUCTIONS 

1.  This  progress  check  consists  of  a  performance  itam  v«.. 

items  to  receive  a  satisfactory  rating?  ^  "  correctly  perform  all 

2.  You  will  be  authorized  two  instructor  assists. 

3.  When  you  have  completed  the  progress  check,  return  it  to  your  instructor. 

4.  If  you  have  no  questions,  start  your  progress  check. 
DIRECTIONS 

Follow  the  checklist  for  maintainine  the  namnra  n**- 
Will  take  you  to  the  trainer.    YoriSu^malntJtrtSis  JJ-J^^^  The  Instructor 

to  exceed  four  students.  maintain  this  trainer  as  a  member  of  a  team  not 


CHECKLIST 


1 .  Safety 


a.  Remove  all  Jevelry 

b.  Turn  off  pover 

2.    Preoperatlon  inspection 

a.  Inspect  electrical  wiring 

b.  Inspect  control  devices 
c»  Inspect  coupling 

d.  Loose  bolts 

e.  Check  all  valves 

f.  Inspect  electrical  control  panel 
g*  Insper*  for  corrosion 

h.  Check  grease  fittings 

1-  Checic  all  nomenclatures 

3.  Maintenance 

a.  Lubricate  according  to  manufacturer's  manual 

b.  Replace  packing 
d.  Unplug  impeller 
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3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  APB,  Texas 


OPERATION  AND  IIAIriTENANCE  OF  WATER  AND  WASTE- 
WATER SUPPORT  EQUIPMENT 


OBJECTIVE 


During  a  field  trip  to  the  base  water  and  wastAwni-Ai*  ^^»i^4  4.4 
monitor  and  inspect  the  support  equljlent      StuS«J?^«^L^?.^^  *  checklist  to 

of  instructors  evaluatlorSf  JheliclulEy:  checklist  must  correspond  to  60% 


REPERENCE/IIATBRIAL/EQUIPIIBNT 

Study  Guide  J3ABR56631  OOO-I-l  thru  10 
INSTRUCTIONS 

1.  This  progress  check  consists  of  twenty  Items  concernlnir  tho  mo«4<-««4«« 

2.  You  may  refer  to  your  notes  and  SG  J3ABR56631  000- I- 1  thru  10. 

3.  If  you  have  no  questions,  begin  your  progress  check. 
DIRECTIONS 

During  the  field  trip  to  the  base  water  and  wastewater  facilities. 

othe^":?^:^nrlo*;^e"^aiCa"?ei'li^ll?ty°"^L"^^e^"^  -^^^^ 

as  your  Instructor  ^ssllll'Xiti^^^^^^ 
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PROGRESS  CHECK  I-9r 

Student's  Nane 


INSTRUCTION 


•ctlons  to  take  to  oorpect%;oh  dlrfclojcj     ij^.^'.'^"  reoommeSdeJ 
Plant  facility.    Both  oheckluts  iuM  S  Jii^.f^IJ''"'. V  ?>»'^l»»»t  checklist  tor  each 
Objective.    CO.    9h(3,.'l?M";iS;i5  S)°Zi!cM  fe'^°^„'?  .'^f'JSlJfniel."'" 

CHECKLIST 

Water  Pumping  Facility 
Equip,H>nt  ListlnR  Condition  Noted  Actions 

1«    Punps  - 


2.  Valves  - 

3.  Chemical  Feeders  - 

4.  Measuring  Devices  - 

5.  Control  Devices  - 

6.  Standby  Engines  - 

7.  Electric  Motors  - 

8.  Tanks  ^ 

Bm    Drive  Devices  - 
10.    Safety  Precautions  -  23b 
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CHECKLIST 

Wastewater  Treatment  Facility 

Equipment  Listing  n^^^4  4.4 

 S  Condition  NntPd  Actions 

!•    Pumps  - 


2.    Valves  - 


3.    Chemical  Feeders  - 


4.    Measuring  Device  - 


5.    Control  Devices  - 


6.    Standby  Engines  - 


7.    Electric  Motors  - 


8.  Tanks 


9.    Drive  Devices  - 


0,    Safety  Precautions  - 


STOP 


Before  proceeding  any  further,  have  the  Instructor  check  your  work. 

— _  __Instructor's  Initials 
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3770  Technical  Training  Group  ^„  , 

Civil  Engineering  Training  J3ABR56631  000-I-lOa 

Sheppard  Air  Force  Base,  Texas 

PUMP  AND  EQUIPMENT  MAINTENANCE 

OB.TECTIVE 

RBFBRBNCE/IIATERIAL/SQUIPIIENT 

SW  J3ABR56631  000-J-l  thru  10 
Assorted  Handtools 
Pump  Packing 
Gasket  Material 

INSTRUCTIONS 

1.    This  progress  check  consists  of  a  performance  item.    Yon  m»«i-  ^  ^ 

step  procedures  in  this  progress  cSeck  in  orSer^J-obSJn^a'saUsJ^Jto*;;  tll'inl'. 
YOU  are  authorized  two  instructor  assists  in  the  performance  of  this  progress  check. 

4.  When  you  have  completed  this  progress  check,  report  to  your  instructor. 

5.  If  there  are  no  questions,  start  your  progress  check. 
DIRECTIONS 

reassembly  of  the  pump.    Use  proper  safetrjrocedS?erjJifriLJ?^^ 

the  pump  given  to  you  by  the  instructor!  working  on  pump.    Go  to 

PUMP  MAINTENANCE 
SOP 

Disassembly 

1.  Remove  packing  gland  bolts 

2.  Remove  packing  gland 

3.  Remove  packing  and  lanter  ring  from  stuffing  box 
NC^B;    Remove  lanter  ring  with  a  piece  of  wire 

4.  Remove  volute  housing 

5.  Remove  impeller  bolt  with  washer,  then  impeller 

6.  Remove  key  way 

7.  Remove  stuffing  box  housing  off  the  shaft 

8.  Remove  shaft  sleeve,  lanter  ring,  and  deflector 

9.  Remove  bearing  cover 

10.    Remove  shaft  from  pump  housing 

NOTE:    use  plastic  mallet,  tap  lightly  on  impeller  end  until  shaft  comes  out. 
Inspection 

1.  Inspect  all  parts  of  pump  for  wear  and  tear 

2.  Clean  all  parts  of  pump 
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Reassembly 


1.  Place  O'ring  on  shaft  with  shaft  sleeve 

2.  Install  8..aft  into  pump  housing 

3.  Install  deflector  and  lanter  ring  on  shaft 

S*  fJ«^!i?*l?if"K*  "f^  housing  on  shaft  and  bolts  into  place 

o.  Install  the  bearing  cover  on  and  bolts 

7  5llf^!li  ^"P^i^^^  °"         of  shaft  with  bolt  and  washer 

7.  Install  volute  housing  around  impeller  with  iraskets    hoi*  w  ^ 

8.  Let  your  Instructor  check  pump  before  i^sJJluS  Juip'lo  eJec™l:  ^o/or 

9.  After  pump  is  installed  on  pump  base  with  electric T^tor    -!h  f  ?? 
is  aligned  up,  continue  on  electric  motor,  and  coupling 

10.  Install  packing  into  stuffing  box,  cutting  it  the  proper  size 

A'  Vlunl^^'^^t  °'  f"""^"*  stuffing  box  first         '^  ^ 

12.  Place  lanter  ring  into  stuffing  box 

13.  Place  more  packing  into  stuffing  box 

14.  Place  packing  gland  with  nuts  and  bolts 

15.  Rotate  shaft  to  detect  binding 


STOP 


instructor's  initials 
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3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  AFB,  Texas 


PC  J3ABR56631  000-I-lOb 


PUMP  AND  EQUIPMENT  MAINTENANCE 

OBJECTIVE 

instructor  assists.  operating  condition  with  no  more  than  two 

REFERBNCE/MATERIAL/EQUIPMENT 

SW  J3AB^56631  GOO-I-1  thru  10 
Assorter  Handtools 
Pump  Packing 
Gasket  Material 

INSTRUCTIONS  ^* 

1.  This  progress  check  consists  of  a  Derformancp  itom     v«.,  «  i-> 

step  procedures  In  this  progress  cSe%^'°rn?d%r"?:-obS;„"a"^:aUsf'::toJy^  HtV/. 

2.  YOU  are  authorized  two  Instructor  assists  In  the  performance  of  this  progress  check. 

^*    Jn«J!:!^tS*''f,?^  t""^'^'  *°  students  or  the  equipment  your 

instructor  will  stop  your  performance.    This  constitutes  an  InSJrSctor 'assJst. 

When  you  have  completed  this  progress  check,  report  to  your  Instructor. 

If  you  have  no  questions,  begin  your  progress  check. 
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DIRECTIONS 

REMOVAL  OP  PUMP  FROM  TRAINER 
use  the  below  procedures  for  disassembling  a  centrlgual  pump. 
NOTE:    Remove  jewelry  before  beginning  this  exercise. 

1.  Remove  the  pressure  gauge  and  store  under  the  trainer. 

2.  Remove  the  coupling  cover. 

3.  Loosen  the  one  set  screw  on  the  coupling  on  pump  side  only. 

4.  Break  loose  both  the  suction  and  discharge  unions. 

sme'Js'jJJtr'  -  «««        "inches  provided,  metal 

ToTZ^T.  "ol'*  on  to  pump.    The  pump  is 

^*    ^t"r?'^  ^"  on         Shaft  Of  the  electric 

IS^Isi^yT''  *°  °"  «"o"o"         '<"-*a'-<l  and  drain,  if 

9.    Take  the  pump  over  to  the  work table. 

10-3  3 '^3 


PUMP  MAINTENANCE 


SOP 


Disassembly 

1*  Remove  packing  gland  bolts 

2.  Remove  packing  gland 

3.  Remove  packing  and  lanter  ring  from  stuffing  box 
NOTE:    Remove  lanter  ring  with  a  piece  of  wire 

4.  Remove  volute  housing 

5.  Remove  impeller  bolt  with  washer,  then  impeller 
6«  Remove  key  way 

7.  Remove  stuffing  box  housing  off  the  shaft 

8.  Remove  shaft  sleeve,  lanter  ring,  and  deflector 
H.  Remove  bearing  cover 

10.  Remove  shaft  from  pump  housing 


plastic  mallet,  tap  lightly  on  impeller  end  until  shaft 


Inspection 

1.  Inspect  all  parts  of  pump  for  wear  and  tear 

2.  Clean  all  parts  of  pump 


Reassembly 

1.  Place  O'ring  on  shaft  with  shaft  sleeve 

2.  Install  shaft  into  pump  housing 

3.  Install  deflector  and  lanter  ring  on  shaft 

4.  Place  stuffing  box  housing  on  shaft  and  bolt  into  place 

5.  Install  the  bearing  cover  and  bolts 

6.  Install  impeller  on  end  of  shaft  with  bolt  aud  washer 


7. 
8. 
9. 


10. 
11. 
12. 
13. 
14. 
IS. 


Place  lanter  ring  into  stuffing  box 
Place  more  packing  into  stuffing  box 
Place  packing  gland  with  nuts  and  bolts 
Rotate  shaft  to  detect  binding 
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INSTALL  PUMP  ON  TRAINER 
Uee  the  below  procedures  to  install  a  centrifugal  pump. 

1.  Put  coupling  on  pump  shaft  with  key  inserted. 

2.  Connect  coupling  but  do  not  align  it  or  tighten  set  screw. 

3.  Put  puflip  hold  down  bolts  on  finger  tight. 

4.  Connect  both  suction  and  discharee  elbows  and  iin«  . 
pipes,  do  not  connect  unions  a?  tM  r??!!:! ^^^^^ 

5.  Align  coupling  using  a  straight  edge  (it  will  be  checked  when  you  are  ready). 

^*    tJi^of^fS  requires  two  people.    One  person  connects  and  tightens  union 
the'  JlfgLent""'  """^  ^"^^  °"  ^"^^  coupliSJtS  reSJeSi 

?•    Tighten  the  set  screw  on  the  coupling. 

8.  Install  the  rjoupling  guard. 

9,  Install  the  pressure  gage. 

11.  After  priming  -  open  the  suction  valve  all  the  way. 

12.  Turn  on  the  power. 

13.  Open  the  discharge  valve  slowly  about  5  or  6  slow  turns  and  watch  i-ho 

gauge  for  cavitation  (lost  pressure).  pressure 

14.  If  pressure  is  steady,  open  the  valve  all  the  way.    If  not.  reprime  the  pump. 
^nrgJeLfSg.""'"*^"  °"         ^""^  -  ^  *^P«  "tting  before  and 

16.  Adjust  packing  nut  for  proper  leakage. 

17.  Keep  pump  running  until  you  are  told  to  shut  it  down. 


STOP 


have"oJS}:te""?hf:"bJSctl';e'.*'"°*°"  °'         t'^'-P  and  that  you 
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(Civil  Engineering  Training) 
Sheppard  APR,  Texas 


SW  J3ABR 56631  000- I 1-1 


RELATED  MATHEMATICS 


OBJECTIVES 

Solve  problems  in  addition,  subtraction,  multiplication  and  division  of  wbole 
numbe  rsr. 

Solve  problems  in  addition,  subtraction*  multiplication  and  division  of  decimals* 

Solve  problems  in  addition,  subtraction,  multiplication  and  division  of  fractions. 

Given  the  formulas,  dimensions,  and  a  geometric  figure  of  a  square,  rectangle  and 
circle,  compute  the  area  of  each* 

Given  the  formulas,  dimensions,  and  a  geometric  figure  of  a  square,  rectangle  and 
cylinder,  compute  the  volume  of  each. 

Given  problems  pertaining  to  a  typical  water  supply  system,  and  a  maximum  of  three 
instructor  assists,  follow  the  correct  procedures  to  complete  each  problem. 

Given  the  temperature  conversion  formulas,  convert  temperatures  between  the  metric 
and  English  systems. 


INTRODUCTION 

Many  parts  of  your  job  as  an  Environmental  Support  Specialist  require  the  use 
of  math.     The  purpose  of  this  section  is  to  review  some  math  skills  you  have  now^ 
and  develop  some  new  skills  which  you  will  need  on  the  job. 


VMOLE  NUMBERS 

Whole  numbers  are  any  of  the  natural  numbers,  the  negatives  of  these  numbers,  or 
zero.     Tlie  numbers  -6,  12,  0  are  all  examples  of  whole  numbers.     If  you  &.re  a  little 
rusty  on.  addition,  subtraction,  multiplication  and  division  of  whole  numbers,  you 
should  do  some  extra  practice. 


Exercise  Il-l-a 
Instructions:     Solve  the  following  problems 


67856  1059  23  /  12,558 

22851  2,498  X  218 

4.4^239,.  -  1,539 

♦  97156 


PROGRESS  CHECK 

You  should  be  ready  for  the  progress  check.     If  you  feel  you  need  to  review  some 

of  the  previous  instruction,  do  so.     The  progress  check  is  prepared  as  a  separate 

publication  and  controlled  by  the  instructor*    You  must  do  the  progress  check  under  • 

instructor  supervision  and  complete  it  prior  to  leaving  for  the  day. 


1-1 


EKLC 


DECIMALS 

lAAn  ^  ^8  *  fraction  which  has  a  denominator  that  is  a  power  of  10  (10.  100 

/^;Ax®?^'^'         ^®  written  by  using  a  decimal  point  (period).    That  is.   two  tenths' 

iL'J^  s^^  "^"^'^  sixty-two  hundreths  (62/100)  is  written  .62.  'xhese  aJe 

fractions,  that  is  .6  is  six  tenths,  and  .47  is  forty-seven 

5lJrJt?inJ^\„?"  ^t^y"  \-  »^th  decimals  is  usually  easier  than  working  with 

fractions,  but  certain  rules  must  be  followed. 


3. 25S. 734. 029455 
Millions^l 
1.000.000 


Hundred 
Thousands 
100. OOO" 


Ten 

Thousands 
10.000" 

Thousands  1.000 


Hundreds  100 

Tens  10_ 
Units  1 


Million ths 
"1/ 1.000. 000 
or  .000001 

Hundred 
Thousandths 
■"l/ 100, 000 
or  .00001 


_Ten  Thousandths 
'l/lO.OOO  or  .0001 

^Thousandths 
"l/l.OOO  or  .001 

Hundred ths 
"l/lOO  or  .01 

Tenths  I/IO  or  .1 


Decimal  Point 


FIGURE  1 


When  we  add  or  subtract  decimals  the  decimal  points  must  be  "lined  ud." 
For  example:  xxucu  up. 


42.6 
+  8.43 
51.03 


16.05 
5.45 


We  add  or  subtract  the  numbers  in  the  normal  way.  We  start  from  the  right  and 
S?!!?^?!^?'^^.^®  needed,  but  the  decimal  point  acts  as  our  reference  point.  The 
mil  l""  lu^  ""f^^f  decimal  point  in  one  number  is  combined  with  the 

Mil^l  .5?         ""^^^^  decimal  point  in  the  other  number  and  so  on.     If  no 

hi  il  «^    onll       «  "^l  ^^*5lt  to  be  zero.    42.6  is  assumed 

to  be  42.60.  and  10.6  is  assumed  to  be  10.60.    Notice  that  42.60  is  the  same  as  42.6, 
You  "jay  add  as  many  zeros  as  you  like  to  the  right  of  the  last  digit  to  the  right  of 
the  decimal  point  without  changing  the  value  of  the  number.  ^ 

When  multiplyir^S  numbers  which  contain  decimal  points,  the  answer  must  have  as 
many  digits  to  the  right  of  the  decimal  point  as  there  were  digits  to  the  right  of 
the  decimal  point  in  both  of  the  original  numbers.    For  example  if  .02  and  .5  were 

?hi  ^n«fJ  fJ®  mn*®'',.!''''^".*^''®         ^''"^  "-^K^t       ^he  decimal  point. 

T«    n?  Tf^K    '^^^  2ero  can  be  dropped  without  changing  the  number,  that 

is  .01  is  the  same  as  .010.  This  rule  is  used  in  these  problems- 


2.61 
X  .43 

7  83 
1044 
1.1223 


8.34 
X  7.5 

4170 
5838 
62.550 
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To  divide  numbers  which  contain  decimal  points  you  must  move  the  decimal  point  of 
the  divisor  (what  you  are  dividing  by)  to  the  right  of  all  the  digits  which  are  not 
zero.     For  example  in  2.54  the  decimal  point  must  be  moved  to  the  right  of  the  4  (254.), 
In  2.10  the  decimal  point  must  be  moved  to  the  right  of  the  1  (21.0).     If  we  move  the 
decimal  point  to  the  right  in  the  divisor  only,  we  will  not  get  the  same  answer  to  the 
problem.     To  correct  for  this,   the  decimal  point  is  moved  in  the  other  number  (dividend; 
as  well.     The  decimal  point  must  be  moved  the  same  distance  and  direction  in  both  divi- 
sor and* dividend.    Look  at  the  problem  2.10      2.54.     The  symbol  +  is  read  "divided 
by."    So  2.54  is  the  divisor  and  2.10  the  dividend.     The  decimal  point  must  be  moved  to 
the  right  two  digits  to  make  the  divisor  254..     So  the  decimal  point  must  be  moved  two 
places  to  the  right  in  the  dividend  as  well.     The  problem  we  now  read  as  210.  254.. 
This  problem  has  the  same  answer  as  the  problem  we  started  with. 

Perhaps  you  have  noticed  that  254  is  larger  than  210.     This  means  that  254  goes 
into  210  less  than  once.     It  also  means  that  we  will  need  to  add  zeros  to  the  right  of 
the  decimal  point  in  210.   to  make  our  calculations.     The  decimal  point  in  the  answer 
goes  directly  above  the  decimal  point  in  the  dividend,  after  it  has  been  moved. 

.8267 
254./210.0000 
2032 
680 
508 
1720 
1524 
1960 
1778 
182 

In  the  problem  we  have  just  done  we  could  have  continued  to  add  zeros  to  210.  and 
continued  to  get  more  digits  in  our  answer  but  this  is  not  a  practical  way  to  spend  a 
lifetime.     So  if  we  want  to  stop  and  round  off  our  answer  to  the  thousandths  position 
(.827)   the  6  is  changed  to  a  7  because  the  next  digit  to  the  right  (the  first  one  we 
dropped)  was  larger  than  five.     If  the  first  dropped  digit  is  smaller  than  five,  no 
changes  are  made  in  the  digits  which  remain.     If  the  first  dropped  digit  is  a  five  the 
digit  to  its  left  is  increased  only  if  it  is  an  odd  digit.     So,   ,25  is  rounded  to  .2, 
and  .35  is  rounded  to  .4.    When  we  multiplied  2.61  by  .43  our  answer  was  1.1223,  this 
can  be  rounded  off  to  1.22.     The  accuracy  of  the  equipment  used  to  obtain  the  original 
number  determines  where  the  answer  should  be  rounded  off. 

In  some  cases  you  may  need  to  convert  a  decimal  to  a  common  fraction.    You  can 
do  this  by  recalling  what  a  decimal  is.     Three  tenths  may  be  written  .3  or  3/10. 
Twenty-five  hundredths,  .25,  may  be  written  25/100  and  reduced  to  1/4. 

Exercise  Il-l-b 

Instructions:     Solve  these  decimal  problems  using  either  addition,  subtraction, 
multiplication  or  division. 

45.56  +  31.87  +  13.89  +  .16  -   

38.34  +  8.347  +  .2984  +  1.2  «  

387.09  -  283.51  «   548.9  -   1.384  -  

0.0073  7.85 
X        5.4  X  6.66 


.58  /  259.  2.5  /  .625 


PROGRESS  CHECK 

You  should  be  ready  for  the  progress  check.     If  you  feel  you  need  to  review  some 

of  the  previous  instruction,  do  so.     The  progress  check  is  prepared  as  a  separate 

publication  and  controlled  by  the  instructor.     You  must  do  the  progress  check  under 

instructor  supervision  and  complete  it  prior  to  leaving  for  the  day. 
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COMUON  FRACTIONS 


A  fraction  is  a  ratio  of  two  whole  numbers  (2/3,  1/2,  3/4).  A  fraction  can  be 
thought  of  as  showing  a  part  of  a  whole.  The  number  on  the  bottom  of  the  fniction 
(the  denominator)  shows  how  many  equal  parts  the  whole  is  divided  into,  and  the  top 
number  (the  numerator)  shows  how  many  of  these  parts  we  are  talking  about,  a  frac-^ 
tion  can  also  be  thought  of  as  a  division  problem;  2/3  is  the  same  as  2^:1.  In  this 
case  the  numerator  is  2  and  the  denominator  is  3. 

We  will  use  three  types  of  fractions:     proper,  improper  and  mixed.     In  a  proper 
fraction  the  numera^^or  (number  on  the  top)  is  less  than  the  denominator.  Proper 
fractions  are  always  less  than  oae.     Some  examples  are  1/2,  2/5  and  3/10.  Improper 
fractions  may  be  written  as  a  whole  number  or  a  whole  number  and  proper  fraction. 
5/2  is  the  same  as  2  1/2  and  10/3  is  the  same  as  3  1/3.     These  are  called  mixed 
numbers.    2/1  is  the  same  as  2  which  is  not  a  mixed  number.     So  we  cannot  Sity  ail 
improper  fractions  may  be  written  as  mixed  numbers. 

You  must  be  able  to  change  improper  fractions  to  mixed  numbers,  and  mixed  numbors 
to  improper  fractions.    To  change  an  improper  fraction  to  a  mixed  number,  divide  the* 
numerator  by  the  denominator.     The  answer  to  this  division  is  the  whole  number.  The 
remainder  is  the  numerator  of  the  fractional  part.     The  denominator  stays  the  same. 
To  change  7/5  to  a  mixed  number  divide  7  by  5.     You  get  1  wi  th  a  remainder  of  2.  So 
7/5  is  the  same  as  1  2/5.     To  change  a  mixed  number  to  an  improper  fraction,  multiply 
the  denominator  by  the  whole  number,   then  add  the  result  to  the  numerator  of  the  frac- 
tion.    This  gives  you  the  numerator  of  the  improper  fraction.     The  denominator  stays 
the  same.     To  change  2  1/6  to  an  improper  fraction  multiply  2  times  6  to  get  12.  Then 
add  1  to  get  13.     So  2  1/6  is  the  same  as  13/6. 

To  add  or  subtract  fractions  they  must  first  have  the  samo  (a  common)  denominator. 
After  the  fractions  are  written  with  common  denominators  the  numerators  can  be  added 

example  1/3  +  1/3  »  2/3  and  5/7  -  1/7  «  4/7.     To  change  fractions 
like  1/3  and  1/2  with  common  denominators,  you  must  use  the  fact  that  the  numerator 
and  denominator  of  a  fraction  may  be  multiplied  or  divided  by  the  same  number.  For 
example  2/3  is  the  same  as  4/6  or  6/9.     If  the  numerator  and  denominator  of  1/3  are 
both  multiplied  by  2,  2/6  is  obtained.     If  we  use  three  as  a  multiplier  1/2  becomes 
3/6.     So  1/3  +  1/2  is  the  same  as  2/6  +  3/6.     Now  all  we  do  is  add  2  and  3,  and  tho 
answer  is  5/6.  You  will  save  yourself  work  by  using  the  lowest  common  denominator  you 
can  find.  That  is  to  add  1/4  and  1/6,   use  12,   not  24  or  36,  as  a  common  denominator. 
Like   this!  * 


1.      i        _3  _2  _5 

4  +  6  »     12     +     12    »  12 

To  multiply  fractions,   the  numerators  are  multipliec  to  find  the  numerator  of  the 
answer.     The  denominators  are  multiplied  to  find  the  denominator  of  the  answer. 

For  example:      2      4      _8  ^* 
3  X  5  -  15 

To  divide  fractions  we  change  the  division  problem  into  a  multiplication  probi-m 
by  taking  the  reciprocal  of  the  divisor.     The  reciprocal  of  a  fraction  is  found  by 
switching  the  numerator  and  denominator.     Every  number  other  than  zero  has  a  reciprocal 
Whole  numbers  or  mixed  numbers  must  first  be  written  as  improper  fractions,   then  their 
numerators  and  denominators  are  interchanged.     The  reciprocal  of  2/3  is  3/2  The 
reciprocal  of  6  is  1/6,  aad  the  reciprocal  of  2  1/2  (5/2)  is  2/5.     Multiplying  by  the 
reciprocal  has  exactly  the  opposite  effect  of  multiplying  by  the  original  number 
Multiplying  by  the  reciprocal  has  the  same  effect  as  dividing.     This  fact  is  used  to 
divide  fractions.    We  change  2/3  +  2  to  2/3  x  1/2  which  equals  2/6  or  1/3.     Notice  we 
did  two  offsetting  things:     (1)  we  changed  from  division  to  multiplication,  and  (2)  we 
used  the  reciprocal  of  2  which  is  1/2.  ' 


To  convert  common  fractions  to  decimals  you  do  the  division  indicated  by  the 
fraction*     3/8  means  3  divided  by  8  so: 


.375 
8  /3.000 
2  4 
60 
56 
40 

shows  3/8  =  •375. 
Remember  we  said  a  fraction  is  a  division  problem. 


Exercise  II~l-c 

Instruc tions:  Solve  the  following  fraction  problems  usin^  either  addition,  subtraction, 
multiplication  or  division. 


PART  I 


I. 

3/4  + 

1/2  » 

6. 

1/2  - 

1/3 

SI 

2. 

8/15  + 

3/5  » 

7. 

3/4  - 

2/3 

m 

3. 

1/64  + 

3/8  » 

B. 

2 

7/8  - 

1  1/6 

m 

4. 

1/6  + 

2/9  - 

9. 

28 

1/2  - 

19  1/4 

m 

5. 

3/7  + 

1/21  * 

10. 

1 

1/4  - 

3/4 

zs 

PART  II 

1. 

1/3 

X        2/3  « 

6c 

3/8  + 

2/3 

2. 

I  5/6 

X  13 

7. 

5/8  + 

5/16 

3. 

10  1/2 

X     3  1/3- 

8. 

9 

+ 

3/4 

zm 

4. 

7/12 

X        3/5  « 

9. 

2 

2/3  + 

3 

m 

5. 

9  1/2 

X     3  2/5  « 

10. 

3/4  + 

3/20 

PROGRESS  CHECK 

You  should  be  ready  for  the  progress  check.     If  you  feel  you  need  to  review  some 

of  the  previous  instruc tion»  do  so.    The  progress  check  is  prepared  as  a  separate 

publication  and  controlled  by  the  instructor.    You  must  do  the  progress  check  under 

instructor  supervision  and  complete  it  prior  to  leaving  for  the  day. 

COMPUTING  AREA 

In  the  environmental  support  career  field  you  will  need  to  find  the  volume  and 
surface  area  of  tanks.    Lets  talk  about  surface  area  first. 

Area  is  usually  measured  in  square  units,  such  as  square  feet  or  square  inches. 
A  square  foot  is  a  square  which  measures  1  foot  on  all  sides. 

If  a  tank  has  a  surface  area  of  500  square  feet,  that  means  500  one  foot  by  one  foot 
squares  would  cover  it  exactly.  Area  is  a  measure  of  how  many  square  units  it  will  take 
to  cover  an  object,  or  surface  area. 

To  find  the  area  of  a  square  or  a  rectangle  multiply  its  length  by  its  width.  In 
the  case  of  a  square,   the  length  and  width  are  the  same  number.     Because  of  this, 
multiplying  a  number  by  itself  is  called  squaring  the  number.     Four  "squared"     s  written 
4^  and  is  equal  to  16,  or  the  area  of  a  4  by  4  square.     If  the  square  is  3  feet  by  3 
feet,  the  area  is  3^  or  9  square  feet.    This  is  usually  written  9  f t^. 
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Is 


^ "'"'o***^  °^  *  rectangle  that  is  2  feet  long  and  18  inches  wide? 

in  the  .same  units.    To  do  this  we  can  substitute  ^2  in"  far  ''fr  So 
becomes  2  (12  in)  or  24  Xn  and  the  area  is  24  x  18  or  432  in2        '  * 
same  problem  is  to  substitute  "1/12  ft"  for  "in"      So  18 
ft  (X&/1  X  1/12  «^18/12  or^3/2).    The  problem  is 


the 

or  3/2 
2/1  ft  X 


in 


Another 
becomes 


3/2  ft  -  6/2  f t2  or  3  f t^. 


now: 


?  rt 

way  to  work 
18  (1/12  ft) 


The  formula  for  the  area  of  a  square  is  A  «  s  x  s  or 
and  s  is  the  length  of  the  side  as  shown  in  figure  2. 


Where  A  is  the  area 


MO 


FIGURE  2 
Square  Area 


The  formula  for  the  area  of  a  rectangle  is: 
length  and  w  is  the  width  as  shown  in  figure  3. 


1  X  w,    A  is  the  area,  1  is  the 


FIGURE  3 
Rectangular  Area 
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There  are  three  measurements  of  a  circle  we  must  be  familiar  with  before  we  ca 
calculate  the  area  of  a  circle.     They  are  the  circumference,    the  diameter  and  the 
radius.    The  circumference  is  the  distance  around  the  circle  (figure  4).     The  diam- 
eter is  the  distance  across  the  circle  going  through  the  center.     The  radius  is  the 
distance  from  the  center  to  the  circle  itself.     The  radius  is  half  of  the  diameter. 
If  you  measure  the  circumference  and  the  diameter  of  a  circle,  you  find  that  the 
circumference  is  about  3.14159  tinubs  the  diameter.     This  number,  3.14159,  is  called 
V    ,  (pronounced  pie).    We  use  Tr    because  we  can  always  irrite  another  digit  and 
get  closer  to  the  exact  number,  but  we  can  never  write  it/ exactly  as  a  decimal.  We 
use  3.14  for  most  of  our  problems.  / 


FIGURE  4 
Circle 

To  find  the  area  of  a  circle  use  the  formula  A  =»  "^^  r^,    A  is  the  area  and  r  is 
the  radius  of  the  circle. 

What  is  the  area  of  a  50  ft  circle?    First  find  the  radius.     If  the  diameter  is 
50  ft  then  the  radius  must  be  25  ft.     Now  square  the  radius  (25  ft  x  25  ft  -  625  ft^). 
Then  multiply  by        (3.14  x  625  ft^  =  1961.5  ft^). 

Kxercise  Il-l-d 

Instructions;  Using  appropriate  formulas  and  given  the  dimensions,  correctly  determine 
the  area  of  given  geometric  figures. 

1.    Write  the  formula  used  to  find  area  of  a  square. 


2.    What  kind  of  unit  is  used  to  express  area? 


/ 

a.    Find  the  area  of  the  following  squares: 

1.  £  -  10"  4.      s  «  ?• 

2.  s  «  49"  5.       Q  -  14» 

3.  s  ^  36"  6.       s  »  9,8" 
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b.    Find  the  area  of  the  following  rectangles: 


1.     1  -  10",  w  - 

3" 

4. 

1  =-  8", 

2.     1  «  43",  w  - 

6" 

5. 

1  =  12* 

3,     1  *  68 • ,  w  « 

45* 

6. 

1=6*, 

Find  the  area  of 

the 

following  circles: 

1.     r  «  27" 

4. 

r  «  14" 

2.     r  -  62" 

5. 

d  »  14" 

3*     r  «  129  • 

6. 

d  =  9* 

Find  the  area  of 

the 

following  geometric 

figures: 

1.     1  -  60' ,  w  - 

49* 

6. 

s  =  92" 

2.     d  »  156* 

7. 

1  =  4", 

3.     s  =•  24' 

8. 

d  =  29* 

4.     s  «  159" 

9. 

s  =  47" 

5.     r  -  35" 

10. 

r  =  2,9" 

PROGRESS  CHECK 

You  should  be  ready  for  the  progress  check.     If  you  feel  you  need  to  review  some 

of  the  previous  instruction,  do  so.     The  progress  check  is  prepared  as  a  separate 

publication  and  controlled  by  the  instructor.     You  must  do  the  progress  check  under 

instructor  supervision  and  complete  it  prior  to  leaving  for  the  day. 


COMPUTING  VOLUEfE 


To  find  the  volume  of  a  cube,  figure  5,  or  a  rectangular  container,  figure  6, 
multiply  the  length  by  the  width  to  get  the  area  of  the  bottom.     Then  multiply  by 
the  height,  or  third  dimension,     if  all  the  sides  are  in  feet,   then  the  volume  has 
units  of  cubic  feet,  written  ft^. 


Cube 


Formula : 

V«sxsxsors^ 

V  »  volume 

s  »  side  (cu.  units) 


FIGURE  5 
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Aectaogular  Container 


Formula : 


V  =  1  X  w  X  h 

V  =  volume  (cu.  units) 
1  =  length 

w  =  width 
h  height 


FIGURE  6 


To  find  the  volume  of  a  cylinder,  figure  7,  you  first  find  the  area  of  the  bottom, 
use  A  =   I?'  r2  (circle).     Then  multiply  the  total  area  by  the  height  (H)  of  the  cylin- 
der, or  the  third  dimension.     If  all  measurements  are  in  feet,   the  answer  will  be  cubic 
feet  (ft^). 

Cylinder 

Formula: 

V  =  r^h 

V  =  volume 

ir  =  3.14  (pie) 

R  =  radius 

2  =  r  X  r 

h  =  height 


FIGURE  7 
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Exercise  Il~l-e 

Instructions:  Using  appropriate  formulas  and  given  dimensions,  correctly  determine  the 
volume  of  given  geometric  figures. 

1.    Write  the  formula  used  to  find  the  volume  of  a  cylinder. 


2.    What  kind  of  unit  is  used  to  express  volume? 


3.     Write  the  formula  used  to  find  the  volume  of  a  straight  sided  swimming 
pool . 


4.     Find  the  volume  of  the  following  cubes: 
a.     s  «  10" 


e.      s  =  6" 


b«     s  -  49"  f.  s  =  9.9' 

c.  s  *  36'  g.  55=  12.2' 

d.  s  *  124'  h.  s  =  1" 

5,     Find  the  volume  of  the  following  rectangles 

a.  1  -  10".  w  »  3",  h  »  4"  e.  X  =  2".  w  =  62".  h  =  2' 

b.  1  «  43',   w  »  6",   h  »  26'  f.  1  -  3",  w  =  8".   h  =  14" 

c.  1  =  68' ,   w  «  45' ,   h  =  54'  g.  1  -  8" ,   w  -  4" ,   h  =  6 ' 

d.  1  -  108",  w  =  64*  ,   h  =«  86'  h.  1  =  14«,   w  «  81".  h  =  27" 
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6.     Find  the  volume  of  the  following  cylinders: 

a.     d  -  144",  h  -  50'  e.       r  «  2',  h  =  24 


b.     r  -  12'  ,  h  100* 


f.      d  »  16",  h  =  12* 


c.     d  «  12" ,  h  «  8* 


g.      r  -  8'  ,  h  «  6' 


d.     r  =  30' ,  h  -  50' 


h.       r  *  16",  h  2" 


7.     Find  the  volume  of  the  following  geometric  figures: 

a.     s  «  156'  f.       1  =•  4' ,  w  -  2» ,  h  -  100' 


b.     d  «  118",  h  «  75" 


g.       d  -  4'  ,  h  -  22" 


c.     r  «  242'  ,  h  »  10' 


h.       8  »  114' 


d.     1  -  9",  w  -  6",  h  -  8»' 


i.       s  «  2.22" 


e.     s  -  359* 


j .       r  -  44 ' ,  h  -  24" 


PROGRESS  CHECK 

You  should  be  ready  for  the  progress  check.     If  you  feel  you  need  to  review  some 

of  the  previous  instruction,  do  so.    The  progress  check  is  prepared  as  a  separate 

publication  and  controlled  by  the  instructor.    You  must  do  the  progress  check  under 

instructor  supervision  and  complete  it  prior  to  leaving  for  the  day. 
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WATER  SYSTEM  PROBLEMS 


Now  that  we  have  reviewed  some  basic  mata,  we  can  apply  it  to  actual  operating 
concepts.     In  order  to  do  this,  it  is  necessary  to  know  a  few  formulas  that  are 
fundamental  to  our  career  field* 

Pressure  (psi) 

A  water  supply  system  cannot  be  operated  without  putting  water  under  pressure. 
Pressure  is  due  to  force  bein^;  applied  mechanically  as  with  a  pump,  or  due  to  the  weight 
of  the  liquid.    Pressure  is  defined  as  the  force  acting  on  a  certain  area  or  force  per 
uKit  area.     The  pressure  in  a  water  works  systems  is  usually  stated  in  pounds  per  square 
incL  (psi). 

Pressure  is  not  affected  by  the  shape  of  the  container  or  the  volume  of  water,  but 
by  the  depth  of  the  water  measured  vertically.     Stated  as  a  formula: 

psi  «  feet  of  water  x  .43 

Pop  example,  what  is  the  water  pressure  at  the  bottom  of  a  storage  tank  holding  170  feet 
of  water?  We  substitute  170  feet  into  the  above  formula  to  get  -  psi  =  170  feet  x  .43  = 
73.1  psi. 

Sometimes  we  may  use  the  reciprocal  of  the  formula  to  find  the  number  of  feet  of 
water  when  we  know  the  pressure  it  exerts.     This  formula  is  used  when  taking  pressure 
gauge  readings  to  determine  how  much  water  is  in  a  well  or  enclosed  tank.     The  formula 
is: 

Feet  of  water  »  psi  x  2.31 

For  example,  if  the  pressure  gauge  at  ground  level  reads  93  psi,  how  high  is  the  water 
level  in  the  storage  tank?    Substituting?  93  p^ji  into  the  formula,  we  get    Feet  «  93  x 
2.31  -  214.8  feet. 

Pumping  Rates 

PufflpiDg  rates  give  information  about  the  volume  of  water  that,  cnn  be  pumped  over  a 
period  of  time.  Rates  are  commonly  expressed  as  gallons  per  minute  (gpm),  gallons  per 
hour  or  millions  of  gallons  per  day  (MGD). 

Pumping  rates  can  be  used  to  estimate  how  much  watt^r  can  be  pumped  in  a  specific 
period  of  time  by  using  the  formula: 

Pumping  rate  X  time  »  gallons  of  water 

For  example,  how  many  gallons  can  be  pumped  in  3  hours  by  a   )ump  with  a  pumping  rate  of 
20  gpm?    To  work  this  problem  the  periods  of  time  must  be  in' the  same  units:  therefore, 
3  hours  must  be  changed  to  minutes.     After  substituting  in  the  above  formula,  we  get  20 
gpm  X  180  min  »  3,600  gallons. 

The  same  concept  can  be  used  to  find  out  how  long  it  will  take  a  pump  to  fill  a 
container  of  a  specific  volume.     In  this  case  the  formula  used  is: 

Gallons  

Pumping  rate  * 

For  example,  how  long  will  it  Uke  a  15  gpm  pump  to  fill  a  10,000  gallon  tank? 
Substituting  into  the  above  formula,  we  get 

10.000  gallons 

le  -  667  minutes 
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Since  it  is  not  easy  to  know  how  long  667  minutes  is,  we  can  change  the  answer  to 
hours  by  dividing  by  60  min/hour. 

667  min      60  min/hr  »  11  hours,  7  min 


Volume  of  Water  in  a  Given  Container 


You  may  need  to  know  how  much  water  a  tank  can  hold  in  gallons.     First  you  need  to 
calculate  the  volume  of  the  container  in  cubic  feet*    Knov/ing  this  information,  it  is 
easy  to  change  cubic  feet  to  gallons  using  the  following  foi*mula: 

Cubic  feet  x  7.5  gal/ft^  =  gallons 

For  example,  hew  many  gallons  of  water  are  in  a  tank  20  feet  long  by  10  feet  wide  by  10 

feet  deep?    First  we  have  to  determine  the  volume  of  the  tank  by  multiplying  the  length 

by  the  width  and  the  height.     The  volume  of  the  tank  is  20  ft  x  10  ft  x  lOgft  ^  2,000 

ft^.     Substituting  this  in  the  formula  above,  we  get  2,000  ft^  x  7.5  gal/ft^  » 
14,960  gallons. 

In  the  case  of  a  swimming  pool  with  an  uneven  bottom  such  as  pictured  below,  a 

slight  change  must  be  made  in  the  calculation  of  the  volume  of  the  pool.     In  this  case 

an  average  depth  may  be  found  by  adding  the  depth  at  the  shallow  end  to  the  depth  at  the 
deep  end  and  dividing  by  2. 

L 


Suppose  this  pool  is  60  feet  lonjj;  by  25  feet  wide.     It  is  four  feet  deep  in  the 
shallow  end  and  12  feet  deep  at  the  deep  end.    How  many  gallons  of  water  does  it 
contain?    First,  find  an  average  depth  by  adding  the  two  depths  and  dividing  the  sum  by 


2.  4+12 


=•  B  8  f t  average  depth.     The  volume  of  the  pool  can  now  be  calculated  by 


multiplying  the  length  by  width  by  average  depth.  60  ft 
Now  multiply  12,000  ft  ^  by  7.5  to  change  it  to  gallons. 
«  90,000  gallons  in  this  swimming  pool. 


X  25  ft  X  8  ft  «  12,000 
12,000  ft^  X  7.5  gal 


00  f  1 
/ft^ 


Weight  of  a  Specific  Volume  of  Water 

A  gallon  of  water  weighs  8.34  pounds.  Knowing  this  will  let  you  estimate  how  much  a 
specific  volume  of  water  weighs.     Therefore,  using  the  fcrnula: 

gallons  X  8.34  lbs/gal  »  weight 

we  can  calculate  the  weight  of  1  million  gallons  of  water.    Substituting  1,000,000 
gallons  into  the  above  formula,   ve  find  1,000,000  x  8.34  "  8,340,000  ^-ound^i. 


Chemical  Computations 

Two  terms  are  commonly  used  to  express  the  concentration  of  chemicals  in  water  or 
wastewater.    One  term  is  "parts  per  raillion"  (ppm) .    A  concentration  of  I  ppm  chlorine 
means  there  is  one  pound  of  chlorine  in  one  million  pounds  of  water.    The  other  term 
commonly  used  is  milligrams  per  liter  (mg/L).    A  concentration  of  one  mg/L  of  chlorine 
means  that  there  is  one  milligram  of  chlorine  in  one  liter  of  water.    The  use  of  mg/L 
and  ppm  for  practically  the  same  thing  is  confusing.    Generally  the  mg/L  term  is  used 
for  chemical  analysis  results  to  show  the  concentration  of  substances  in  the  water,  and 
ppm  is  used  for  chemical  addition  to  water  at  the  plant.     In  our  operation  1  ppm  is  the 
same  as  1  mg/L. 
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This  information  is  used  in  calculating  the  amount  of  chemicals  required  to  treat  a 
specific  amount  of  water  to  a  particular  dosage.    The  formula  used  is: 

lbs  of  chemical  »  ppm  x  8*34  x  MG 


In  this  formula,  the  ppm  is  the  dosage  or  concentration  of  the  chemical  that  is  to  be 
added  to  the  water.     MG  is  the  amount  of  water  expressed  in  terms  of  millions  of 
gallons. 


For  example^  how  many  pounds  of  chemical  are  required  to  treat  500,000  gallons  of 
water  to  a  concentration  of  3.0  ppm?    Substituting  into  the  above  formula  we  get 
lbs  of  chemical  -  3.0  ppm  x  8.34  x  .5  MG.     (S^nce  we  do  not  have  a  million  gallons  of 
water,  we  can  find  out  what  part  of  a  million  gallons  we  have  by  dividing  our  number  of 
gallons  by  1,000,000.)    Working  this  out  we  find  that  we  need  12.51  lbs  of  chemical  to 
treat  our  water* 

In  many  cases  the  chemicals  we  buy  from  the  suppliers  are  not  lOOl  pure.     If  this  is 
so,  we  would  have  to  iocr^ase  the  amount  of  chemical  added  to  give  us  the  same  amount  of 
usable  chemical.    The  above  formula  can  be  changed  to  take  this  into  account.     In  the 
case  of  using  chemicals  less  than  100%  pure,   the  formula  becomes: 

.  ,  ^  ,  ppm  X  8.34  X  MG  

lbs  of  impure  chem:.cal  ■  «      V,  ^ — 7Z — I  ^  ;  T 

%  purity  (decimal  value) 


Exercise  Il-lf 

Solve  these  mathematical  problems  pertaining  to  a  typical  water  supply  system. 

1.    A  swimming  pool  measures  75  ft  by  50  ft  and  is  4  ft  deep  at  one  end  and  12  ft  deep 
at  the  other  end. 

a»     How  large  (what  volume)  Is  the  pool? 

b.  How  many  gallons  of  water  will  thiB  pool  hold? 

c.  If  a  pump  delivers  60  gpm  to  this  pool,  how  long  will  it  take  to  fill  it  up 
ia  minutes?    In  hour  and  minutes? 

2*     How  long  would  it  take  a  120  gpm  pump  to  fill  a  pool  50  ft  long,  20  ft  wide  and  an 
average  depth  of  7  ft? 

3.  A  water  storage  tank  60  ft  high  with  a  30  ft  diameter  will  hold  how  many  gallons 
of  water? 

4.  Assuming  the  tank  in  #3  is  full,  what  would  be  the  psi  at  the  bottom  of  the  tank? 

5.  You  are  told  to  disinfect  a  tank  of  water  which  holds  500,000  gallons  of  water. 
In  stock  there  is  some  dry  powder  chlorine  that  is  65%  pure.     How  many  pounds  of 
this  chlorine  will  it  take  to  treat  the  water  to  a  5.0  mg/L  concentration? 

PROGRESS  CHECK 

You  should  be  ready  for  the  progress  check.     If  you  feel  you  need  to  review  some 

of  the  previous  instruction,  do  so.     The  progress  check  is  prepared  as  a  separate 

publication  and  controlled  by  the  instructor.    You  must  do  the  progress  check  under 

instructor  supervision  and  complete  it  prior  to  leaving  for  the  day. 

Temperature  Conversion 

Temperature  is  usually  measured  on  either  of  two  scales,     Fahrenheit  (*F)  or 
Celcius  (^C).    You  are  probably  more  familiar  with  the  Fahrenheit  scale  on  which  water 
freezes  at  32'F  and  bolls  at  212'P.     Most  of  the  world  uses  the  Celsius  scale  on  which 
water  freezes  at  O'C  and  boils  at  100*C.    From  freezing  to  boiling  is  180  Fahrenheit 
degrees  and  100  Celsius  degrees.     So  in  terras  of  change  of  temperature,  180*F  «  100*C 

Which  means  180''F/100''C  «  1 
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Reducing  we  get  9**F/5**C  =1,  so  5*'C/9*'F  -  1  too. 


Because  these  ratios  are  equal  to  one  they  can  be  used  to  change  from  one  scale 
to  the  other.     If  the  temperature  has  risen  by  10°C  then  9°F/5°C  x  lO^'C  «  18**?,  the 
temperature  has  risen  by  IS"*?.     To  change  from  one  scale  to  the  other  we  must  also 
adjust  for  the  fact  that  freezing  is  zero  on  one  scale  and  thirty-two  on  the  other. 

To  change  20°C  to  Fahrenheit  think  of  it  as  20  Celsius  degrees  above  freezing. 
Multiply  by  9**F/5**C  to  get  36  Fahrenheit  degrees  above  freezing  or  es^'F.     So  the  formula 
is  F  »  9/5C      32,    Where  F  is  the  Fahrenheit  temperature  and  C  is  the  Celcius 
tempera  ture. 

To  change  from  Fahrenheit  to  Celsius  first  find  out  how  far  from  freezing  the 
temperature  is.     For  example  98.6^F  is  66.6  Fahrenheit  degrees  above  freezing  which  is: 
5®C/9^F  (66.6°F)  "  37*'C    since  zero  is  freezing  no  further  adjustment  is  needed.     So  the 
formula  is:     C  ■  5/9  (F-32)  where  C  is  the  Celsius  temperature  F  is  the  Fahrenheit 
tempera tur^r  and  the  parenthesis  means  to  subtract  32  before  multiplying. 


Exercise  II-1-2 


1.    Write  both  formulas  for  converting  the  temperature  scale. 


2.    Change  the  following  C*  temperatures  to  F*"  and  F**  to  C*. 

a.  c**  »  10*  e.  F**  »  ee** 

b.  C*'  «  26*  f»  F**  «  20* 

c.  C*  »  18*  g.  F*  »  100* 

d.  C*  =  100*  h.  F*  =  212* 


PROGRESS  CHECK 


You  should  be  ready  for  the  progress  check.     If  you  feel  you  need  to  review  some 
of  the  previous  instruction,  do  so.    The  progress  check  is  prepared  as  a  separate 
publlcatio.i  and  controlled  by  the  instructor.    You  must  do  the  progress  check  under 
instructoi  supervision  and  complete  it  prior  to  leaving  for  the  day. 


SUMMARY 


In  this  study  guide,  we  have  discussed  some  of  the  common  mathematical  problems  and 
formulas  used  in  water  treatment.    We  discussed  the  bacic  procedures  on  how  to  solve 
decimal  and  fractional  problems.    We  learLed  how  to  find  area  and  vcl^ime  of  a  container, 
how  to  convert  volume  to  gallons,  and  how  to  use  pumping  rate  to  find  the  time  it  takes 
to  fill  a  container.    We  learned  how  to  use  psl  to  find  depth  of  water  in  a  tank  and  how 
to  convert  temperature  scales. 
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PRINCIPLES  OP  PHYSICS 

OBJECTIVE 

Using  information  and  a  list  of  eight  incomplete  statements  concerning  physics* 
complete  the  statements.    Five  of  the  eight  statements  must  be  correct. 


IffTRODUCTION 

The  fundamental  concepts  of  physics  are  essential  for  you  to  thoroughly  understand 
and  perform  in  the  environmental  support  field.     Following  are  the  fundamentals  of 

physics  which  will  contribute  greatly  to  your  understanding  of  the  vater  and  wastewater 
treatment  processes* 

*  Principles  of  Physics  *  Matter 

♦  Energy  »  structure  of  Matter 


INFORMATION 

PRINCIPLES  OF  PHVSICS 

Physics  is  a  science  that  deals  with  matter  and  energy.    Physics  deals  with 
physical  changes  in  matter  and  changes  caused  by  the  application  of  energy.    A  physical 
change  is  a  change  in  the  form  or  state  of  a  substance  in  which  no  new  substance  is 
formed.     An  example  of  a  phi^sical  change  is  the  freezing  of  water  to  form  ice. 


Energy 

Energy  is  defined  as  the  capacity  io  do  work.    It  ma:^  appear  in  n».ny  forms.  Some 
forms  of  energy  you  may  be  familiar  with  are  heat,  light,  sound,  mechanicel  energy, 
electrical  energy,  and  chemical  energy.    Energy  can  be  changed  from  one  form  to  another. 
For  example  the  energy  stored  in  fuel  can  be  released  during  burning  to  produce  heat,  a 
different  form  of  enei*gy*    The  energy  produced  by  falling  water  can  be  used  to  drive  a 
generator  and  produce  electricity,  another  form  of  energy. 

Two  general  classifications  of  enargy  often  studied  arc  potential  energy  and 
kinetic  energy.    Potential  energy  is  due  to  the  position  or  composition  of  something; 
kinetic  energy  is  due  to  its  motion  or  change.    A  compressed  spring  has  potential  energy 
due  to  its  position  which  is  changf>d  tc  kinetic  energy  when  it  is  released. 

Matter 

Matter  is  defined  as  anything  that  occupies  space  and  tes  mass  or  weight. 

Experience  has  shown  that  under  ordinary  circumi^taijices,  matter  cannot  be  created  nor 

destroyed.    It  can  however,  be  changed  from  one  fonc  Co  another. 

Matter  may  exist  in  three  different  physical  states  or  forms:     solid,  liquid,  or 
gas.    Solids  are  rigid  and  have  a  definite  volume  and  shape.     Liquids  flow  and  assume 
the  shape  of  the  container  they  are  in,  but  they  do  keep  a  definite  volume.    Gases  on 
the  other  hand  have  neither  a  definite  volume  nor  shape.    Gases  will  diffune  and  "fill" 
any  container  in  which  they  are  placed. 

It  is  possible  to  change  matter  from  one  form  to  another  by  changing  the  condition 
under  which  it  is  stored.    One  way  to  ch&\nge  matter  from  one  fonn  to  another  is  to 
change  the  temperature.    Water  is  easily  changed  from  its  so3  id  form  (ice)  to  its  liq»jld 
form  to  its  gaseous  form  (vapor)  by  ehe.nglng  the  temperature  of  its  surroundings.  This 
is  true  of  all  matter.    Another  way  to  change  the  form  of  matter  is  to  change  the 
pressure  it  is  under.     If  we  increase  the  pressure  on  chlorine  gas  in  a  container,  it 
will  liquify.     If  we  Increased  the  pressure  3ven  more,  it  would  begin  to  change  into  the 
solid  form. 

t^-l 
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structure  of  Matter 


ATOMS:     All  matter  is  made  up  of  basic  »Jinits  called  atoms.     An  atom  is  the  smallest 
part  of  an  element  that  can  show  the  properties  of  the  element.     An  atom  of  any  element, 
if  we  could  obtain  just  one  atom,  would  look,  feel,  smell  and  act  like  a  larger  number 
of  atoms  of  the  element.    Atoms  are  complex  systems  composed  of  smaller  particles. 
Three  of  t^^ese  are  of  interest  to  us:    protons,  neutrons  and  electrons. 

PROTONS.    Protons  are  positively  charged  particles  in  the  nucleus  of  an  atom.  The 
number  of  protons  in  the  nucleus  determines  which  element  we  have. 

NEUTRONS.    Neutrons  are  neutral  or  uncharged  particles  In  the  nucleus  of  an  atom. 
They  may  vary  in  number  in  atoms  of  the  same  element. 

ELECTRONS.     Electrons  are  negatively  charged  particles  in  orbit  around  the  cvucleus* 

These  electrons  move  according  to  definite  patterns  sometimes  called  shells.    Since  all 

elements  are  observed  to  be  electrically  neutral,  ther  there  must  be  the  same  number  of 
electrons  as  there  are  protohs* 

MOLECULES.     Two  or  more  atoms  n?hich  are  chemically  combined  form  a  molecule.  The 
atoms  may  be  of  the  same  element  or  different  elements.    The  eleraents  hydrogen,  oxygen, 
nitrogen,  fluorine,  chlorine,  bromine  and  iodine  consist  cf  diatomic  molecules  (two 
atoms  per  molecule).     If  the  atoms  are  of  different  elements,  they  form  what  Is  called  a 
compound  which  we  will  discuss  in  greater  detail  in  the  following  unit.    Regardless  of 
whether  the  molecule  is  of  an  element  or  a  compound,  the  molecule  is  the  smallest  piirt 
of  a  substance  which  has  all  the  properties  and  characteristjcs  of  that  substance. 

SUBSTANCES.     Substances  have  two  major  classes  of  properties:     physical  and 
chemical.    Physical  properties  describe  a  substance  as  it  is.    We  use  physical 
properties  to  teil  one  substan.:e  frcm  another,  for  example:    density,  color,  odor, 
boiling  point  and  solubility.    Chemicp.l  properties  are  those  which  tell  how  the 
substance  reacts  in  the  presence  of  other  substances,  for  example:    reaction  with  water, 
rusting  in  air,  decompoisiticn  by  electricity.    These  are  actually  chemical  changes  which 
produce  new  products. 

SUMMARY 

Physics  Is  aa  essential  part  of  understanding  the  processes  of  water  and  wastewater 
treatment.    The  principles  of  physics  covered  in  this  chapter  will  aid  you  greatly  in 
your  success  in  the  environmental  support  field* 

Exerc.'Se  II-2-a 
Instructions:     Complete  the  following  statements. 

PART  I 

1.  Physics  is  the  science  dealing  witt  • 

2.  5:nergy  is  defined  as  • 


3.    Some  forms  of  energy  are 


4.     The  three  forms  of  matter  are 


5.    Tne  smallest  part  ol  an  element  is  called 


6.     The  sub-atomic  particle  with  a  negative  charge  is 


7.    The  sub-atomic  particle  which  determines  the  identity  of  the  element  is 


8.  Two  or  more  atoms  which  are  chemically  combined  form 

9.  Why  is  a  shadow  not  considered  matter?  


10»    Color  is  considered  a   ^  property. 
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PART  II 

InstructionsT     After  accomplishing  the  basic  physics  and  matter  training  manual, 
2PTP-5120-03,  complete  the  following  exercise.     Identify  the  states  of  matter  by 
writing  -G"  for  gas.  "S"  for  solid,  and  -L"  for  liquid  in  the  spaces  provided 
between  each  set  of  diagrams,  showing  the  transfer  of  states  of  matter  from  one 
container  to  the  other.     The  lined  area  represents  the  space  occupied  by  matter. 


QONTMMRNO.t 

— —            1  ID  1 

□ 

_  HQ 

PROGRESS  CHGCK 

You  should  tte  ready  for  the  progress  check.     If  you  feel  you  need  to  review  some 
of  the  previous  instruction,  do  so.    The  progress  check  is  prepared  as  a  separate 
publication  and  controlled  by  the  instructor.    You  must  do  the  progress  check  under 
instructor  supervision  and  complete  it  prior  to  leaving  for  the  day. 
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OBJECTIVE 


Given  a  list  of  twenty  chemical  terms »  elements,  radicals  and  other  related  terms, 
match  them  with  their  definitions  and/or  symbols*  Sixteen  of  the  twenty  terms  must  be 
correct. 

Given  a  list  of  fifteen  chemical  compounds  and  their  formulas,  match  the  chemical 
compounds  with  their  formulas  and  indicate  whether  the  compound  is  an  acid,  base,  or 
salt.     At  least  twelve  of  the  fifteen  must  be  correct. 

Given  a  list  of  ten  compounds,  write  formulas  describing  each  compound.     Seven  of 
the  ten  formulas  must  be  correct. 

Given  five  sets  of  reactants,  write  balanced  chemical  equations.     Three  of  the 
five  must  be  correct. 

INTRODUCTION 

To  fully  and  effectively  treat  and  test  water  and  wastewater  involves  the  use  of 
chemicals,  reagents,  and  laboratory  equipment.     You  do  not  have  to  be  a  chemist  to  be 
able  to  test  or  treat  water  and  wastewater,  but  an  understanding  of  basic  chemistry  is 
useful.     The  study  of  chemistry  raises  many  different  and  challenging  ideas. 

INFORMATION 

Chemistry  is  the  branch  of  science  which  deals  with  the  composition  of  all  forms  of 
matter  and  with  the  changes  which  that  matter  can  undergo.    We  will  limit  our  study  of 
chemistry  in  this  course  to  those  areas  which  pertain  to  water  and  wastewater  treatment. 
Information  in  this  unit  will  be  presented  on  the  following  subjects: 

*  Chemical  terminology 

*  Solutions 

*  Acids,  bases  and  salts 

*  Balancing  formulas 

*  Balancing  equations 


Chemical  Terminology 

Certain  commonly  used  terms  are  part  of  the  language  of  chemistry.     A  basic 
vocabulary  must  be  built  in  order  to  understand  some  of  the  fundamental  ideas  in  the 
field  of  chemistry. 

CHEMISTRY.    Chemistry  can  be  defined  as  the  study  of  the  compositioni  structure^  and 
properties  of  matter,  and  the  changes  which  it  undergoes.    Matter  is  anything  that  has 
weight  or  roassi  and  occupies  space.    Matter  is  made  up  of  either  pure  substances  or 
mixtures  of  pure  substances.    Most  of  our  discussion  will  be  directed  toward  the  study 
of  the  pure  substances. 

MATTER.    Matter  can  be  generally  divided  into  two  large  groups,  organic  matter  or 
inorganic  matter.    Organic  matter  was  once  defined  as  anything  that  is  living  or  has 
lived  at  one  time.    A  more  up  to  date  definition  would  be  any  subscance  which  has  the 
element  carbon  as  part  of  its  composition.    The  elements  hydrogen  and  oxyger  are 
combined  with  carbon  in  most  organic  substances.     Examples  of  organic  matter  are  oil^ 
coal,  sugars,  methane  gas»  and  proteins. 


TERMS 


3-1 


ERIC 


Inorganic  natter  is  the  opposite  of  organic  natter  In  that  it  has  never  lived  and 
does  not  contain  the  elenent  carbon.    Like  most  rula^,  this  rule  ^s  exceptions.  Carbon 
monoxide  (CO),  carbon  dioxide  (CO2),  carbonate  (CO3)  compounds,  and  bicarbonate 
(HCO3)  compounds  conta'^n  carbon  and  yet  are  considered  Inorganic. 

BLEIfBNTS.    We  briefly  touched  on  the  subject  of  elements  in  the  previous  unit  of 
this  study  guide.    Now  we  will  go  into  more  detail.    An  element  is  the  simplest  form  of 
matter.     It  cannot  be  formed  from  simpler  substances  nor  can  it  be  decomposed  into 
simpler  subsUnces.    Some  elements  exist  free  in  mture.    Others  are  found  only  combined 
with  other  elements.    Either  way,  elements  are  the  things  which  make  up  every  kind  of 
matter  in  the  world. 

Periodic  Table  of  the  Elements.    The  ?eriodlc  Table  is  a  systematic  arrangement  of 
the  elements  used  by  scientists  around  the  world.    It  gives  useful  facts  at  a  glance 
about  every  elenent  known  to  man.    Information  about  each  element  can  be  found  in  the 
box  which  bas  both  its  name  and  symbol.    A  symbol  is  a  letter  or  combination  of  two 
letters  which  represents  th^  name  of  the  element.     It  is  a  type  of  chemical  shorthand  or 
abbreviation.    The  elements  are  listed  in  order  of  increasing  atomic  number.    The  atomic 
number  tells  how  many  protons  are  in  the  nucleus  of  an  atom  of  that  element.    The  atomic 
weight  is  a  way  of  comparing  the  weight  of  one  atom  of  an  element  with  one  atom  of 
another  element.    You  can  tell  whether  an  element  is  usually  liquid,  gas  or  solid  by 
looking  at  the  color  of  the  symbol*    You  can  also  predict  whether  it  is  a  metal, 
metalloid p  or  non-*metal  by  looking  at  its  position  on  the  table. 

COMPOUNDS.     Most  matter  occurs  as  compounds  or  mixtures  of  compounds.    A  compound  is 
a  substance  composed  of  two  or  more  elements  which  are  chemically  combined.    When  a 
chemical  combination  takes  place,  the  elements  that  are  combining  lose  their  properties 
and  the  compound  formed  will  have  a  whole  new  set  of  properties  that  identify  it.  For 
example  the  element  sodium  is  a  soft  sllvery«-whlte  meUl  that  can  be  ignited  by  the 
moisture  on  your  skin*    The  element  chlorine  is  a  greenish-yellow  gas  that  is  deadly  to 
breathe.    These  two  elements  combine  to  form  a  new  substance,  a  compound  known  as  ''table 
salt  p  that  has  no  resemblence  to  the  elements  that  make  it. 

The  chemical  shorthand  for  the  name  of  a  compound  is  known  as  a  formula.    It  is  made 
up  of  the  symbols  of  all  the  elements  that  are  a  part  of  the  compound.    Small  numbers 
called  subscripts  show  how  many  atoms  of  each  element  are  combined  in  one  molecule  of 
that  compound.    A  molecule  is  the  smallest  part  of  a  compound  which  can  still  exhibit 
all  the  properties  of  the  compound. 

Compounds  are  named  according  to  several  methods.    Binary  compounds  consist  of  two 
elements.    The  name  of  the  compound  consists  of  the  names  of  the  two  elements,  with  the 
second  name  having  its  ending  changed  to  -ide,  such  as  NaCl  •  sodium  chloride;  AgCl  « 
silver  chloride.    An  old  method  of  naming  compounds  made  from  certain  metals  is  to  add 
-Ic  or  -ous  to  the  Latin  namei  of  the  metals.    FeCl*}  "  ferrous  chloride;  FeClu  • 
ferric  chloride.    There  are  also  many  common  names  that  are  in  use  for  chemicals  that 
are  used  in  water  systems.    Lime  is  Ca(0H)2  -  calcium  hydroxide.    Caustic  is  NaOH  • 
sodium  hydroxide.    The  common  names  are  frequently  used  in  the  field  in  place  of  the 
ch'^'^ical  names.    Therefore  it  will  help  you  to  know  them  also. 

BONDING.    Bonds  are  the  forces  which  hold  the  atoms  together  to  form  molecules. 
Without  bonding  we  would  not  have  any  compounds.    There  are  two  types  of  bonds* 
electrovalent  (ionic)  and  covalent. 

As  we  have  mentioned  before,  electrons  are  in  orbit  in  ••shells"  around  the  nucleus 
of  the  atom.    Each  shell  has  a  maximum  number  of  electrons  it  can  hold.    When  the 
outermost  shell  is  filled  with  electrons  (never  more  than  eight),   the  atom  is  in  its 
most  stable  form.    Atoms  which  do  not  have  filled  shells  will  gain,  lose  or  share 
electrons  with  other  atoms  in  order  to  get  a  filled  outer  shell.    The  electrons  which 
are  Involved  in  this  gain,  loss  or  sharing  are  called  valence  electrons.    The  valence  or 
oxidation  state  is  defined  as  the  relative  combining  capacity  of  an  element  and  shows 
how  many  electrons  are  Involved  in  the  bonding. 

Covalent  Bonding.    If  the  electrons  are  shared  between  atoms,  a  covalent  bond  is 
formed.    The  simplest  example  of  covaleht  bonding  is  found  in  the  molecule  of  hydrogen 
gas.    The  hydrogen  atom  has  one  electron  only.    Since  this  is  unstable,  if  no  other 
element  Is  available  for  hydrogen  atoms  to  react  with,  two  hydrogen  atoms  will  combine 
with  each  other  to  form  a  hydrogen  molecule.    The  two  hydrogen  atoms  share  their 
electrons  between  them  forming  a  covalent  bond. 

3-2 


327 


Electrovalent  Bonding.     Elec trovalent  bonding  is  a  chemical  combination  of  two  or 
more  elements  in  which  a  transfer  of  one  or  more  electrons  occurs.     This  type  of  bonding 
is  also  called  ionic  bonding.    Consider  for  a  minute  the  structure  of  an  atom  of  sodium. 
It  has  eight  electrons  in  its  next  outermost  shell  and  one  electron  in  its  outermost 
shell.     If  the  lone  electron  could  be  removed  from  the  sodium  atom,   the  remaining 
electron  shells  would  be  filled,  leaving  sodium  in  a  more  stable  form.    Removing  an 
electron  would  cause  the  sodium  atom  to  have  one  extra  positive  charge.    We  call  a 
charged  particle  of  this  type  an  ion. 

Next  consider  an  atom  of  the  element  chlorine.     It  has  seven  electrons  in  its 
outermost  shell.     The  gain  of  one  more  electron  would  give  it  a  filled  shell  and  a  much 
more  stable  form.     The  chlorine  atom  will  accept  the  electron  from  the  sodium  atom  and 
in  doing  so  will  gain  an  extra  negative  charge.    Once  the  electron  has  been  transferred 
from  the  sodium  atom  to  the  chlorine  atom,  we  then  have  oppositely  charged  ions  which 
can  attract  one  another  electrically.     They  do  so  to  form  an  ionic  or  electrovalent 
bond,  making  the  compound  sodium  chloride,  ordinary  table  salt. 
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FIGURE  3-a.    Bonding  Process 
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NAME                   SYMBOL  &  CHARGE 

NAME                     SYMBOL  &  CHARGE 

Acetate 

(C2H3O2)'' 

Hydroxide 

(OH)- 

Anmonium 

(NH4)+ 

Hypochlori  te 

(OCl)- 

Antimony 

Sb+++ 

lodate 

(IO3)- 

Barium 

Ba++ 

Iodide 

I- 

Bicarbonate 

(HCO3)- 

Iron  (Ferrous) 

Pe++ 

Bismuth 

Bi+++ 

Iron  (Ferric) 

Fe+++ 

Bromide 

Br- 

Lead  (Plumbous) 

Pb++ 

Aluminum 

A1+++ 

Magnesium 

Mg++ 

Cadmium 

Cd++ 

Manganous 

Mn++ 

Calcium 

Ca++ 

Mercurous 

Hg+ 

Carbon 

C++++  or  C  

Mercuric 

Hg^* 

Carbonate 

(CO3)- 

Nickel 

Ni++ 

Chlorate 

(ClOs)- 

Nitrate 

(NO3)- 

Chloride 

ci- 

Nitrite 

(NO2)- 

Chlorite 

(CIO2)- 

Oxalate 

(C2O4J- 

Chroma  te 

(Cr04)" 

Oxide 

0" 

Chromium 

Cr+++ 

Perchlora  te 

(C104)_ 

Cobalt 

CO++ 

Permangana  te 

(Mn04)_ 

Copper  (Cuperic) 

Cu++ 

Phosphate  (ortho) 

(PO4)"- 

Cupric  Ammonia 

Cu(NH3)4"*'+ 

Potassium 

K+ 

Copper  (Cuperous)  Cu"*" 

Silicate  (ortho) 

(Si04)" 

Cyanide 

(CN)- 

Silver 

Ag  + 

Dichroma  te 

(CrgOY)- 

Sodium 

Na  + 

Ferricyanide 

Fe(CN)6- 

Sulfate 

(SO4)- 

Fluoride 

F- 

Sulfite 

(SO3)- 

Forma  te 

(HCO2)" 

Th  iosulfa  te 

(S2O3)- 

Hydrogen 

H+ 

Tin  (Stannous) 

Sn++ 

Stron  tium 

Sr++ 

Zinc 

Zn++ 

Sulfide 

s- 

FIGURE 

3- 3.  Chemical 

Data  and  Valence  of 

Common  Ions 
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Exercise  li-3a 
PART  I 

f???''!^^ihriK  °?^K^,!t  P'-^io^ic  o'  the  elements,  and  given  the  element  name, 

iili  JlA^l  by  finding  the  symbol,  atomic  number,  atomic  weight  and 

moat  stable  valence  of  each  element  given.  woxbui,  ana 

SYMBOL  ATOMIC  NUMBER 


ELEMENT 

1. 

Gurbon 

2. 

3. 

Mflncnesluni 

4. 

5. 

Iron 

6. 

7, 

o 

Nitrogen 

9. 

Alumlnuni 

10. 

Copper 

11. 

Chlorine 

12. 

Manganese 

13. 

Potassium 

14. 

Silver 

15. 

Gold 

ATOMIC  WEIGHT 


VALENCE 


PART  II 

iSSgSSii^^^^Bnter  the  chenlcal  symbol  beside  each  of  the  following  elements  and 


1.  Hydrogen 

2.  Oxygen   

3.  Sodium 


4.  Magnesium 


5e  Calcium 

6.  Chlorine 

7.  Carbon   

8.  Iron 


9.  Potassium 
10.  Barium 


lie  Aluminum 
12.  Fluorine 


PART  III 

Instructions:    Mime  the  following  binary  compounds. 

^-    '^aCl   ^   4.  Agl 

—  5.  KBr 

 6.  BaO 


2.  CaO 

3.  ZnS 


NON-ELECTROLYTES.    Solutions  which  are  not  able  of  conducting  an  electrical  current 
!!i."''"''®J~5"'w^^!®®:    ^^^^^  solutions  are  generally  made  by  dissolving  compounds 
formed  with  covalent  bonds  is  water.    Solutions  made  with  sugar  or  alcohol  In  water^are 
good  examples  of  non- electrolytes.  ax^wuwx       wan»r  are 

ELECTROLYTES.    Solutions  which  are  able  to  conduct  an  electric  current  are  called 
?Jrio?lt?on'    Ihf  ^"""^       carried  when  charged  particles  called  Ions  move  through 
the  solution.    The  Ions  are  formed  when  compounds  held  together  by  ionic  bonds  are 
dissolved  In  the  water  or  when  a  reaction  occurs  between  molecules  of  water  and  other 
covalently  bonded  compounds  creating  ions.    This  process  Is  called  Ionization. 
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If  the  Ions  are  positively  charged  from  the  loss  of  electrons,  they  are  called 
cations.    Negatively  charged  ions  formed  by  the  gain  of  electrons  are  called  anions. 
There  is  also  a  group  of  polyatomic  ions  (formed  from  more  than  one  atom)  which  are 
sometimes  called  radicals.    These  radicals  keep  their  identity  as  a  charged  particle  and 
do  not  separate  under  normal  chemical  conditions.    A  radical  may  be  either  a  cation  or 
an  anion.    Nine  common  radicals  which  we  deal  with  are  as  follows: 


1. 

CO3. 

carbonate 

6. 

PO 

4 

phosphate 

2. 

HCOs" 

bicarbonate 

7. 

nitrate 

3. 

oh" 

hydroxide 

B. 

OCl" 

hypochlorite 

4. 

sulfate 

9. 

NH4"*' 

ammonium 

5. 

Mn04~ 

permangaiiate 

Positive  and  negative  ions  have  the  ability  to  carry  an  electrical  current  through 
water.    To  prove  this  we  can  fill  a  glass  with  water,  dump  in  a  teaspoon  of  salt,  and 
rig  up  an  electrical  extension  and  light  bulb  as  shown  in  the  'igure  below.  When 
ionization  occurs  the  current  is  carried  through  the  water  and  the  light  bulb  will  glow. 


/  a- 

\ 

CI- 

FIGURE  3-4.    ^Sodium  Chloride  and  Water 


PART  IV 


Instructions:  Write  the  chemical  formula  for  each  of  the  followinfc5  ions.  Show 
the  positive  or  negative  charges. 


!•  Ammonium 

2.  Hydroxide 

3,  Carbonate 


4.  Bicarbonate 

5.  Sulfate   


6.  Permanganate 


7.  Nitrate 


8.  Phosphate 


9.  Hypochlorite 


PART  V 

Instructions:     Write  the  name  of  the  following  ions: 


1. 

Ca++ 

2. 

CI- 

3. 

CO3- 

4. 

Mg++ 

5. 

SO4* 

6. 

Fe-^+ 

7. 

Al++^' 

8. 

P04"- 

9. 

H+ 

10. 

OH- 

11. 

Na* 

12. 

ERIC 
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Solutions 


What  18  a  solution?    A  solution  Is  a  uniform  mixture  of  two  or  more  substances.  The 
possible  coabloatlons  of  components  which  will  form  solutions  include  gas  Into  gas  gas 
into  liquid,  liquid  Into  liquid,  and  solid  Into  liquid.    We  will  confine  our  solutions 
to  water  or  liquid  solutions  In  this  field,  however.    This  will  give  us  three  forms  of 
solutions:    gas  In  liquid,  liquid  In  liquid,  and  solid  In  llqi/id.|  In  each  case  the 
liquid  Is  the  dissolving  medium  called  the  solvent.    The  subsUnce  being  dissolved  Is 
the  solute.    Since  almost  all  the  chemistry  of  water  treatment  takes  place  In  solutions. 
It  Is  Important  to  be  familiar  with  the  ways  of  expressing  concentrations  of  8olutl<wis. 

Types  of  Solutions 

CONCBNTRATBD.     A  concentrated  solution  Is  one  in  which  a  large  amount  of  solute  Is 
dissolved  In  the  solvent. 

DILUTE.     A  dilute  solution  is  one  In  which  a  small  amount  of  solute  is  dissolved  in 
the  solvent. 

41:' 

SATURATED.    A  saturated  solution  is  one  in  which  the  solvent  holds  all  the  soliiii  V  % 
that  it  can  at  that  particular  temperature.  ^ 

SUPERSATURATED.    A  supersaturated  solution  holds  more  solute  than  would  be  expected 
at  that  temperature.    Sometimes  a  saturated  solution  prepared  at  a  higher  temperature 
can  be  carefully  cooled  so  that  the  solute  does  not  get  a  chance  to  come  out  of 
solution.    At  the  cooler  temperature  the  solution  holds  more  solute  in  solution  than  it 
would  for  saturation  and  is  said  to  be  supersaturated. 

NORMAL.    A  normal  solution  is  one  that  is  prepared  specifically  for  laboratory  use. 
A  one  normal  solution  is  Indicated  by  the  symbol  1  N  on  the  label  of  the  container  and 
means  that  it  contains  one  gram-equivalent  of  solute  in  one  liter  of  solution. 
Obviously  a  solution  that  is  .1  N  is  not  nearly  as  concentrated  as  one  that  is  1  N. 

WATER  -  THE  UNIVERSAL  SOLVENT 

By  any  standard,  water  is  the  most  important  chemical  compound  on  earth.    It  is  also 
the  most  abundant  compound.    It  is  important  to  all  life  processes.    I t  is  a  necessary 
part  of  most  chevioal  reactions,  either  as  a  reactant  or  as  the  medium  in  which  the 
reactions  take  place. 

Molecular  Structure.     Much  of  the  behavior  of  water  can  be  explained  by  studying  the 
water  molecule  itself.    The  water  molecule  is  made  up  of  two  hydrogen  atoms  bonded 
cov&lently  to  one  oxygen  atom.    The  hydrogen  atoms  do  not  bond  on  either  side  of  the 
oxygen  like  this:     H  -  0  -  H.     Instead  they  are  both  off  to  one  side  of  the  oxygen 
similar  to  this: 


This  structure  gives  the  witter  molecule  what  is  called  a  polar  characteristic  or  a 
positive  end  and  a  negative  end.    There  is  also  an  attraction  for  the  positive  end  of 
the  water  molecule  for  the  negative  end  of  nearby  water  molecules  creating  what  is 
called  hydrogen  bonding.    The  hydrogen  bonding  and  the  polarity  of  the  water  molecule 
are  two  of  the  factors  which  make  water  such  a  good  solvent  or  able  to  dissolve  so  nany 
different  things. 

Ionization  of  Water.    As  we  have  seen  ions  can  create  a  way  for  electricity  to  be 
carried  through  water.    Water  has  the  ability  to  ionize  slightly,  creating  hydrogen  ions 
and  hydroxide  ions.    Pure  water  is  a  very  poor  electrolyte  because  there  is  such  a  small 
concentration  of  ions. 

Reaction  with  Metal  Oxides.  Many  metals  are  combined  with  oxygen  to  form  a  group  of 
compounds  called  metal  oxides.  These  metal  oxides  will  react  with  water  to  form  a  group 
of  chemicals  we  call  bases.    Many  of  these  reactions  release  a  lot  of  heat  as  well. 

Reaction  with  Non-Metal  Oxides.    A  few  compounds  are  formed  by  non-metals  with 
oxygen.    These  compounds  are  called  non-metal  oxides.    Some  of  these  non-metal  oxides 
will  react  with  water  to  form  a  group  of  compounds  called  acids. 
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PART  VI 


Instrud 

tlons:     The  purpose  of  this  exercise  is 

to 

aid  you  in  learning  the 

of  chem: 

Leal  terms.     Place  the  letter  identifying  the  correct  term  in  the 

precedi ' 

'2  the  definitions  in  Column  I* 

COLL  .N  ] 

COLUMN  II 

!•  (  ; 

)    Anything  that  has  weight,  or  mass 

a. 

solute 

and  occupies  space. 

b. 

(CO*j^*.   (SOa^".  (NHa^"*' 

2*     (  ] 

)  Radicals 

c . 

solvent 

3.    (  ; 

1    Science  pertaining  to  reactions 

of  elements  and  compounds 

d. 

chesitis  try 

4.  (  : 

1     Two  r>T*  mnr^  elements  chemicallv 

e. 

Ca,  Mg,  Na,  H,  02 

5.     (  ] 

)    Compounds  composed  of  carbon 

f . 

ma tter 

6.     (  ] 

\  Svmbols 

compounds 

7.     (  ] 

A  type. of  bonding 

h. 

organic  matter 

8.     (  ) 

Smallest  particle  of  element 

i. 

energy 

9  •     (  ] 

A  solution  containing  all  the  solute 

j* 

elec trovalent 

it  will  dissolve  at  that  oarticular 

k. 

concentrated  solution 

10.     (  ) 

A  solution  which  can  conduct  an 

1. 

saturated  solution 

electric  current 

m. 

element 

!!•     (  ) 

A  substance  composed  of  only  one 

kind  of  atom 

n. 

atom 

12.     (  ) 

A  solution  containing  a  large  amount 

o. 

elec  troly te 

of  solute  per  unit  volume 

P» 

valence 

13.     (  ) 

A  substance  which  has  been  dissolved 

q- 

solution 

14.     (  ) 

A  substance  which  will  dissolve 

another  substance 

15.     (  ) 

A  uniform  mixture  of  two  or  more 

substances  in  liquid  form 


PROGRESS  OHECK 

You  should  be  ready  for  the  progress  check.     If  you  feel  you  need  to  review  some 

of  the  previous  instruction,  do  so.     The  progress  check  is  prepared  as  a  separate 

publication  and  controlled  by  the  instructor.     You  must  do  the  progress  check  under 

instructor  supervision  and  complete  it  prior  to  loaving  for  the  day. 
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ACIIX:,  BASES.  AND  SALTS 

Whether  you  are  aware  of  it  or  not,  you  have  dealt  with  acids,  bases,  and  salts  all 
your  life.    There  are  three  groups  of  chemicals  which  include  many  of  the  subsunces  you 
eat  and  use  for  cleaning. 

Acids.    An  acid  is  a  substance,  usually  a  liquid,  that  contains  hydrogen  and  is 
ionised  In  wator.    Acid  solutions  have  the  following  common  chf^rac teris tics:     They  have 
a  sour  taste;  they  react  with  many  metals  to  give  off  hydrogen  gas;  they  neutralize 
bases;  they  are  electrolytes. 

Since  they  are  electrolytes,  we  can  classify  acids  as  stong  or  weak  according  to  how 
much  they  ionize  in  mter.    Strong  acids  will  ionise  easily  and  should  be  handled  with 
care.    When  an  acid  is  poured  into  water,   the  hydrogen  in  the  acid  breaks  away  and  is  in 
the  water  as  an  ion.     It  is  very  active  and  will  react  with  almost  anything  it  contacts. 
Weak  acids  on  the  other  hand  do  not  ionise  to  a  great  degree,  so  the  number  of  hydrogen 
ions  available  to  react  is  smaller.    Therefore  the  reaction  will  be  slower  /\nd  less  - 
Violent. 


Acids  like  other  solutions,  may  be  classified  as  concentrated  or  dilute  according  to 
how  much  water  is  present  as  the  solvent.    A  concentrated  acid  is  an  acid  which  contains 
very  little  water.    An  example  of  this  is  concentrated  sulfuric  acid  which  is  98%  acid 
and  only  2%  water.    Sulfuric  acid  happens  to  be  a  strong  acid  as  well,  but  we  can  make 
it  a  dilute  acid  by  adding  it  to  a  large  amount  of  water.     It  will  still  be  a  strong 
acid,  but  now  it  is  a  dilute  strong  acid. 

Most  of  the  acids  we  use  in  this  field  have  common  names  that  they  are  referred  to 
by.    Sometimes  we  call  them  by  their  chemical  formulas  as  well.    The  most  common  ones 
are  listed  below.    Notice  that  the  formula  for  each  acid  begins  with  a  hydrogen  ion. 

H2SO4      Sulfuric  acid 
HCl         Hydrochloric  acid 
H2CO3      Carbonic  acid 

Bases.    A  Base  is  a  subsUnce  that  contains  the  hydroxide  ion  and  is  lonlzsd  in 
water.    Bases  are  considered  to  be  the  opposite  of  acids.    Bases  share  some  similar 
characteristics:     They  have  a  bitter  taste;  they  have  a  slick  feeling;  they  neutralize 
acids;  they  are  electrolytes. 

Bases  can  also  be  classified  as  strong  or  weak  according  to  how  much  they  ionize  in 
water  and  form  hydroxide  ions.    They  can  be  concentrated  or  dilute  according  to  how  much 
water  they  are  mixed  in« 

two  of  the  bases  we  commonly  use  in  this  field  are  listed  below.    They  also  are 
known  many  times  by  their  common  names  rather  than  the  proper  chemical  name.  Notice 
that  the  formula  for  the  bases  ends  in  OH. 

NaOH         Caustic  or  caustic  soda 

Ca(0H)2    Lime  or  slaked  lime 

Salts.  Salts  are  ionic  compounds  that  do  not  release  either  hydrogen  or  hydroxide 
ions  when  dissolved  in  water.  Many  times  they  are  made  by  neutralizing  an  acid  with  a 
base.    This  reaction  will  a  salt  and  water.    Salts  vary  greatly  in  their  properties 

except  their  ionic  bonds.    They  may  taste  salty,  sour,  bitter,  sweet,  or  have  no  Uste 
at  all.    They  are  all  electrolytes.    Some  examples  of  salts  are  sodium  chloride,  calcium 
chloride  and  barium  sulfate. 
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Exercise  I][~3-b 


Ins  true  tions:  Inorganic  compounds  are  classed  as  either  acids,  bases,  O:^  salts.  List 
the  following  compounds  in   the  correct  column  in  the  table. 


I. 

Na(OH) 

6. 

H3(P04) 

11. 

MlJ(0H)2 

16. 

WK(C03) 

^  • 

ua \un)2 

«  • 

17. 

H(N03) 

3. 

CaCl2 

8. 

MgCl2 

13. 

A1(0H)3 

18. 

4. 

H2(S04) 

9. 

Ca(C03) 

14. 

Ca(S04) 

19. 

Feci  2 

5. 

Ca(HC03)2 

lOe 

HF 

15. 

HCl 

20. 

Fe2(S0,p3 

ACIDS 

BASES 

SALTS 

PROGRESS  CHBCK 

You  should  be  ready  for  the  progress  check.     If  you  feel  you  need  to  review  some 

of  the  previous  instruction,  do  so.     The  progress  check  is  prepared  as  a  separate 

publication  and  controlled  by  the  instructor.    You  must  do  the  progress  chock  under 

instructor  supervision  and  complete  it  prior  to  leaving  for  the  day. 
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WRITING  BALANCED  FORMULAS 


When  writing  chemical  formulas  there  are  certain  steps  that  must  be  followed  in 
order  to  come  up  with  the  correct  -ormula.     The  chemical  name  is  Jgood  s?ar?lnj  uoint 
for  writing  the  formula.    Common  names  are  usually  not  helpful.  starting  point 

STEPS  REQUIRED  IN  WRITING  BALANCED  FORMULAS  FOR  COMPOUNDS 

Sodium  Chloride         Calcium  Hydroxide 

1.  Write  the  symbol  for  the  cation.  Sodiam  -  Na  Calcium  -  Ca 

2.  Indicate  the  valence  of  the  cation.  Na"**  CA"*"** 

3.  Write  the  symbol  for  the  anion.  Chloride  -  CI 

4.  Indicate  the  valence  of  Che  anion.  CI" 

5.  Balance  the  electrical  charges  of  the  cation 

and  anion  with  the  use  of  subscript.  Na"**  CI-  Ca"*"*"  GH"2 

6.  Enclose  polyatomic  ions  in  parenthesis  when 

more  than  one  is  required.  Ca'*"**(0H-)2 

-  *™n"o^'^''T?^  ^""^^^  (written  below  the  line)  following  a  symbol  or  ion  in 

fo™u?a      Tn  Js^^r^         5™^"        ^^^^  particular  atom  or  ion  contained  Jn  thrj 
^f™^Jj;n  ™  ^         ''''^  combined  with  three  atoms 


Hydroxide  -  OH 
OH- 
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Exercise  II-3c 


PART  I 

Instructions:     Write  the  formulas  in  the  blank  spaces  provided  showing  the  compounds 
which  would  be  formed  when  each  of  the  cations  combine  chemically  with  each  of  the 
anions* 


///// 

0" 

CI- 

(OH)- 

(CO3)- 

(SO4)- 

1 

(HC03)-|(P04)- 

Na-»- 

Ca 

pe-»"»-»- 

Pe-»"»- 

A1+++ 

Pb-»-»- 

Cu -»•-»• 

1 

ERIC 


PART  II 

Instructions:  Write  the  formulas  for  the  following  compounds.  Include  symbols » 
subscripts  and  valences* 


1. 

Sodium  carbonate 

16. 

Ferric  oxide 

2. 

Sodium  chloride 

17. 

Silicon  dioxide 

3. 

Calcium  bicarbonate 

18. 

Zinc  carbonate 

4. 

Calcium  carbonate 

19. 

Magnesium  bromide 

5. 

Calcium  chloride 

20. 

Barium  carbonate 

6. 

Magnesium  carbonate 

21. 

Sulfuric  acid 

7. 

Magnesium  oxide 

22. 

Hydroc  hlor  ic  ac 1 d 

8. 

Hydrogen  sulfate 

23. 

Carbonic  acid 

9. 

Hydrogen  carbonate 

24. 

Hydrogen  fluoride 

10. 

Potassium  hydroxide 

25. 

Silicon  fluoride 

11. 

Potassium  chloride 

26. 

Ammonium  hydroxide 

12. 

Aluminum  hydroxide 

27. 

Silver  nitrate 

13. 

Aluminum  sulfate 

28. 

Zinc  carbonate 

14. 

Calcium  oxide 

29. 

Ferric  hydroxide 

PROGRESS  CHECK 

You  should  be  ready  for  the  progress  check.     If  you  feel  you  need  to  review  some 
of  the  previous  instruction,  do  so.     The  progress  check  is  prepared  as  a  separate 
publication  and  controlled  by  the  instructor.    You  must  do  the  progress  check  under 
instructor  supervision  and  complete  it  prior  to  leaving  for  the  day. 
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WRITING  BALANCED  CHEMICAL  EQUATIONS 


A  chemical  equation  is  a  statement  which  shows  a  chemical  change.     It  is  written 
using  chemical  symbols  which  can  be  easily  interpreted*     The  format  for  writing  a 
chemical  equation  is  as  follows: 


A  reagent  is  a  substance  which  is  going  to  change  and  a  product  is  a  substance  which  is 
formed  during  the  reaction.     The  arrow  is  read  "yields"  or  "produces". 

Common  Types  of  Chemical  Reaction.     In  looking  at  written  equations,  there  seems  to 
be  four  basic  types.     These  are  combination,  decomposition,  single  displacement,  and 
double  displacement. 

COMBINATION.    Combination  can  also  be  called  synthesis.     This  means  a  new  compound 
is  formed  by  the  addition  of  elements.     An  example  of  this  type  is 


In  this  type  of  reaction  two  or  more  different  reactants  add  together  to  form  a  single 
product. 

DECOMPOSITION.     In  a  decomposition  reaction  a  breakdown  of  a  compound  occurs.  An 
example  of  this  type  of  reaction  is 


In  this  type  of  reaction  a  single  reactant  is  decomposed  to  form  two  or  more  different 
products. 

DISPLACEMENT.     Sometimes  called  single  displacement,  i t  is  a  reaction  where  one 
substance  is  displacing  another.    An  example  of  this  is 


In  this  type  of  reaction  an  element  and  a  compound  react  to  form  another  element  and 
compound. 

DOUBLE  DISPLACEMENT.     In  this  type  of  reaction  there  is  an  actual  exchange  of 
partners  to  form  new  compounds.    An  example  of  this  type  of  re&ction  is  of  partners  to 
form  new  compounds.    An  example  of  this  type  of  reaction  is 


In  this  reaction  two  compounds  reacted  zo  form  two  new  compounds.     This  is  an  especially 
important  type  of  equation  because  so  many  reactions  are  of  the  double  displacement 
type. 

OXIDATION-REDUCTION.     Another,  more  complicated  type  of  reaction  is  called 
oxidation- reduction.    In  these  reactions  a  change  in  valence  or  oxidation  state  occurs. 
One  substance  will  undergo  oxidation  which  is  a  loss  of  electrons.    Another  subctance 
will  at  the  same  time  undergo  a  reduction  which  is  a  gain  in  electrons.    One  example  of 
this  type  of  equation  is 


In  this  equation  the  valence  of  iron  increases  from  -^2  to  -^3  and  the  valence  of  oxygen 
decreases  from  0  to  -2,    The  iron  is  oxidized  and  oxygen  is  reduced. 


reagents(s) 


A  product(s) 


Pe  +  CUSO4  Sfc  PeS04  +  Cu 


AgNOg  +  NaCl  AgCl  +  NaWOs 


4  Pe(0H)2  +  O2  +  2  HgO  ^4  Pe(0H)3 
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Exercise  II-3d 
Part  i 


Ins tractions;     Write  the  type  of  reaction  shown  by  the  following  equations. 


!•     2  KCIO3  2^2  KCl  +  3O2 


2.     Hg  +  CI2  ^  2  HCl 


3.     Zn  +  Cu(N03)2  ^        +  Zn  (N03)2 


4,     AgN03  +  KCl^  3k  AgCl  +  KNO3 


5.     FeCl3  _  KOH  abFe(0H)3  +  KCl 


6.     Fe2^3  +30   3b  2  Fe  +  3  CO 


7.     CaC03  ^  CaO  +  CO2 


Balancing  Equations 

Ordinarily  it  is  not  required  for  water  supply  personnel  to  balance  chemical 
equations  while  working  in  the  field.     However,  to  fully  understand  the  chemical 
treatment  of  water,  it  is  important  to  bo  able  to  solve  chemical  reactions  by  using 
equations.  Learning  to  add  chlorine  to  water  every  three  hours  is  not  enough.  To 
know  what  the  chlorine  does  is  necessary.     The  following  equation  states,   that  when 
you  add  sodium  hydroxide  to  sulfuric  acid,   there  is  a  chemical  reaction  and  sodium 
sulfate  (a  salt)  and  water  will  be  formed. 

H2(S04)        +      2Na(0H)  — >  Na2<S04)        +  2H(0H) 

Sulfuric         Sodium         yields        Sodium  Water 
acid  hydroxide  sulfate 

NOTE:     When  balancing  chemical  equations,  consult  a  periodic  chart  for  the  valences  of 
each  element.     Remember,  any  time  a  small  number  (subscript)  is  used  in  a  chemical 
formula,  it  applies  only  to  the  element  or  radical  which  precedes  it.     A  large  number 
(coefficient)  is  used  in  front  of  an  entire  compound  and  applies  to  everything  within 
that  compound.     Any  time  you  write  a  chemical  equation,  you  do  not  lose  or  gain  a  single 
ion.     It  is  said  you  can  neither  create  nor  destroy  matter.     Everything  you  start  out 
with  must  be  found  when  you  complete  your  reaction.     It  may  be  arranged  into  new  or 
different  compounds  in  the  reaction,  but  the  total  amount  of  each  element  must  be  equal 
on  both  sides  of  the  arrow.    Again,  a  step-by-step  procedure  is  provided  to  help  you 
balance  equations. 

An  Electromotive  Force  Series  Chart  (EMF),  figure  3-5,  is  an  aid  to  solving 
equations.     An  EMF  series  Chart  is  a  grouping  of  the  elements  according  to  their 
electrical  potential  or  activity.     An  element  will  replace  any  other  element  listed 
below  it  on  the  chart. 
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POSITIVE  CHART 

NEGATIVE  CHART 

Lithium  Li 

Fluorine  F 

Potassium  K 

Chlorine  CI 

Calcium  Ca 

Oxygen  0 

Sodium  Na 

Bromine  Br 

Magnesium  Mg 

Iodine  I 

Aluminum  Al 

Sulfur  S 

Manganese  Mn 

Phosphorous  P 

Zinc  Zn 

Nitrogen  N 

Chromium  Cr 

Carbon  C 

Iron  Fe 

Silicon  Si 

Tin  Sn 

Lead  Pb 

Hydrogen  H 

Copper  Cu 

Silver  Ag 

Platinum  Pt 

Gold  Au 

RULES 

1. 

With  reference  to  the 
above  another  element 
compound. 

above  chart,  any 
will  replace  the 

element  which  appears 
lower  element  from  its 

2. 

With  reference  to  the  above  EMF  Series, 
appears  below  another  element  will  not 
element  from  its  compound. 

any  element  which 
replace  the  higher 

FIGURE  3-5.    Electromotive  Force  (EMF)  Series  Chart 


Fast  Reference  for  Common  radicals  and  their  valences; 


(1) 

(CO3)- 

Carbonate 

(2) 

(HCO3)-  - 

Bicarbonate 

(3) 

(OH) 

Hydroxide 

(4) 

(SO4)- 

Sulfate 

(5) 

(Mn04)=' 

Permanga nate 

(6) 

(PO4)--  - 

Phosphate 

(7) 

(NO3)- 

Nitrate 

(8) 

(OCl)- 

Hypochlorite 

(9) 

(NH4)+ 

Ammonium 

3-1342 


Exercise  II-3-d 


PART  II 

Instructions:     Write  the  balanced  equation  opposite  each  of  the  following  double 
displacement  equations.     In  this  type  of  reaction,  think  of  the  positive  ions  changing 
places  in  the  two  original  compound.    This  will  result  in  two  new  compounds.  Include 
subscripts,  coefficients  and  valences  if  needed. 

a.    Silver  nitrate  +  Sodium  chloride 

AgNOg  +  NaCl  ^  ^    +   


b.  Copper  sulfate  -i-  Barium  hydroxide 
CUSO4  +  Ba(0H)2   ^    + 

c.  Ammonium  nitrate  +  Sodium  hydroxide 
NH4NO3  +  NaOH   ^    +  _ 


d.    Ammonium  chloride      Calcium  hydroxide 
NH4CI  +  Ca(0H)2     —  ^    +  _ 


e.     Sodium  hydroxide      Hydrochloric  acid 
NaOH  +  HCl   ^  + 


f.     Silver  nitrate  -h  Potassium  chloride 
AgNOg  >  KCl   ^    +   


g.  Copper  sulfate  -1-  Barium  chloride 
CuSO^  +  BaCl2   ™^    + 

h.  Ammonium  chloride      Sodium  sulfate 


i.     Ammonium  sulfate  +  Calcium  hydr'^xide 
+  .  ^  + 


i.    Potassium  hydroxide  +  Hydrochloric  acid 
+   ^  + 


k.    Calcium  hydroxide  +  Sulfuric  acid 

  +     ^  +  _ 

1.    Aluminum  hydroxide      Phosphoric  acid 
+   ^  + 


m.    Magnesium  carbonate      Calcium  hydroxide, 

 +    3^   : 
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PART  III 


Instructions:     Finish  balancing  the  following  single  displacement  reactions.     Refer  to 
the  h;.M*F.»  (electromotive  force),  chart  to  see  if  a  reaction  takes  place.     If  no 
reaction  takes  place,  write  the  letters  N.  R.     Equation  one  is  complete. 
Note  that  a  metal  in  its  element  form  is  neutral  in  valence. 

a.  Metallic  zinc  in  a  solution  of  lead  nitrate 
Zn  +  Pb  (N03)2    '  ^    Zn  (N03)2  +  Pb 

b.  Lead  in  a  solution  of  zinc  nitrate 


c.     Iron  in  a  r.olution  of  copper  sulfate 


d.     Copper  in  a  solution  of  silver  nitrate 

+  .  ^  + 


e.    Magnesium  in  a  solution  of  copper  sulfate 


You  should  be  ready  for  the  progress  check.     If  you  feel  you  need  to  review  some 
of  the  previous  instruction i  do  so.    The  progress  check  is  prepared  as  a  separate 
publication  and  controlled  by  the  instructor.     You  must  do  the  progress  check  under 
instructor  supervision  and  complete  it  prior  to  leaving  for  the  day. 

SUMMARY 

The  understanding  of  commonly  used  chemical  terms  is  essential  to  the  understanding 
of  water  treatment.    Topics  such  as  solutions,  specific  gravity,  acids,  bases,  and  salts 
all  give  us  the  information  so  badly  needed  in  this  field.     Balancing  equations  consists 
of  making  all  totals  equal,  following  eight  steps  or  rules  in  order.     Practice  in 
applying  these  rules  will  enable  you  to  solve  all  water  treatment  results. 


344 


ERIC 


-  3-19 


3770  Technical  Training  Group 
Sheppard  AFB,  Texas 


SW  J3ABR56631  000- I 1-4 


liABOIUTORY  SAFKTY 

OBJECTIVKS 

Given  information  pertaining  to  laboratory  chemicals,   identify  tne  statements 

Kf''"^?^"?^"^        ^^^^"^         """"^  ^^^s®-     Three  of  the  five  answers  must 

D6  correct* 

Given  a  list  of  ten  statements  pertaining  to  the  use  and  care  of  laboratory 
equipment,  match  the  identifying  statements  to  the  correct  piece  of  equipment. 
Seven  of  the  ten  answers  must  be  correct. 

INTRODUCTION 

The  work  of  a  laboratory  technician  in  water  treatment  can  be  safe  if  you  will  use 
a  few  simple  precautions  when  mixing  chemicals,  handling  glassware,  and  operating 
equipment.     Accidents  do  not  just  happen;   they  are  caused  by  unsafe  acts  or  conditions. 
The  skilled  operator  must  know  the  proper  chemicals,   the  proper  method  of  mixing 
chemicals,   the  correct  names  of  the  equipment,  and  the  importance  of  keeping  your  mind 
on  the  work.     The  last  is  very  important.     Many  times  after  an  accident,  victims  have 
remarked,     I  was  not  thinking."    Information  of  importance  to  you  in  gaining  an 
understanding  of  how  accidents  are  caused  and  prevented  is  presented  in  this  study 
f!?:??:     However,  not  all  of  the  information  you  need  to  know  is  contained  here. 
Additional  study  on  this  subject  is  recommended.     The  topics  in  this  chapter  will  be 
presented  as  follows. 

♦  Handling  Acids,  Alkalies,  and  Other  Chemicals 
Laboratory  Glassware 

♦  Laboratory  Safety  Equipment 

♦  Do's  and  Don'ts  of  Laboratory  Work 

INFORMATION 

Handling  Acids,  Alkalies,  and  Other  Chemicals 

*u*^^,t"'*  can  cause  severe  burns  when  they  come  in  contact  with  the  skin. 

When  handling  chemicals,  never  put  your  hands  to  your  eyes  or  face  without  first  wash- 
ing them.    The  skin  tissue  of  your  face  is  more  sensitive  and  is  more  easily  irritated 
than  the  skin  of  your  hands.    Rubber  gloves  must  be  worn  when  handling  large  amounts 
of  concentrated  acids  to  protect  your  hands.    You  must  wear  a  rubber  apron  to  protect 
your  clothes.     Before  using  these  protective  devices,   they  should  be  inspected  to 
assure  they  will  give  the  protection  for  which  they  were  made.     When  mixing  acids  with 
water,   the  acid  should  be  slowly  poured  into  the  water  and  the  solution  should  be  con- 
stantly stirred  with  a  glass  stirring  rod  to  prevent  a  concentration  of  the  acid  in 
a  small  area  of  the  water.     Failure  to  follow  this  procedure  may  result  in  the  acid 
boiling  and  splattering  the  surrounding  area,  causing  severe  burns  to  the  worker. 
Never  pour  water  into  acid.     Should  any  of  your  co-workers  get  a  spray  of  acid  in  the 
face  or  eyes,  do  not  let  that  person  put  their  hands  to  their  face.     Instead,  immedi- 
ately place  that  person  under  a  shower  where  plenty  of  water  can  wash  away  the  acid, 
pen  take  the  injured  person  to  the  hospital  for  treatment.     A  helpful  addition  to  any 
Jjse'"Sf°In  iccide??*^'^^"*^  °*  ^'"^  soda.     This  will  neutralize  the  acid  in 

Other  chemicals  used  in  the  laboratory  are  also  hazardous  and  must  be  handled  with 
care.     In  addition  to  burns,  chemicals  may  also  be  poisonous.     The  poison  cm  be  taken 
into  the  body  orally,   through  skin  exposure,  or  by  breathing  vapors.     All  chemicals 
Should  be  considered  poisonous  whether  they  are  labeled  as  such  or  not. 


Laboratory  Glassware 


Before  us        my  glassware  for  testing  water,  an  inspection  of  the  article  should  be 
made  for  crack,   .nd  rough  edges.    Neve-  work  with  broken  or  cracked  glassware.  When 
heating  a  liquid  in  a  beaker  or  flask.  Always  apply  the  heat  gradually.     A  large  amount 
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of  heat  concentrated  in  a  small  area  can  set  up  a  strain  on  the  beaker  or  flask  that 
might  cause  it  to  crack.     Also,  never  heat  a  closed  container.     If  a  piece  of  glassware 
should  break  or  be  damaged  when  you  are  using  it,  stop  the  procedure  and  start  over  with 
another  piece  of  equipment.     Dispose  of  the  broken  glassware  properly  so  that  it  will 
present  no  further  hazard. 


Laboratory  Safety  Equipment 

Although  some  differences  will  be  found  in  safety  equipment  which  has  been  provided 
for  use  in  the  water  testing  laboratories,  most  laboratories  will  have  similar  items  of 
safety  equipment. 

1.  Rubber  aprons  are  provided  and  will  be  worn  whenever  you  are  working  in  the 
laboratory. 

2.  Heat  resistant  gloves  are  used  when  removing  hot  samples  from  a  muffle  furnace. 
Several  types  of  tongs  are  also  available  for  hot  samples,  and  may  be  used  for 
handling  equipment  which  cannot  be  picked  up  with  your  bare  hands. 

3.  An  emergency  shower  and  a  special  eye  washer  should  be  near  the  laboratory 
working  area  to  provide  clean  water  for  rinsing  oneself  in  case  of  chemical 
spills.     An  operational  check  at  regular  intervals  should  be  made  on  both 
pieces  of  safety  equipment  to  insure  proper  operation. 

4.  Properly  equipped  laboratories  must  be  well  ventilated.     Exhaust  fans  will 
provide  for  quick  removal  of  toxic  or  noxious  fumes. 

5.  Walkways  in  the  laboratory  should  be  covered  with  rubber  floor  mats  to  lessen 
the  chance  of  slipping  and  falling.     They  also  act  as  an  electrical  insulator 
and  decrease  the  possibility  of  receiving  an  elwtrical  shock  when  operating 
electrically  powered  machines. 


Do*s  and  Don'ts  of  Laboratory  Work 

1.  Always  try  and  keep  a  blue  color  flame  on  your  Bunsen  burner.     This  is  done  by 
allowing  enough  air  in  through  the  vents.     Do  not  allow  the  tubing  to  become 
twisted.    You  could  burn  the  tube  and  thus  allow  gas  to  escape  which  could  lead 
to  an  explosion.     Also,  remember  to  light  your  match  first  and  then  turn  the 
gas  on. 

2.  Never  allow  the  steam  bath  to  burn  dry,  and  never  leave  boiling  samples 
unattended. 

3.  Always  use  heat  resistant  gloves  and  long  turitcs  when  working  with  the  muffle 
furnace. 

4.  Never  put  a  sample  straight  from  the  muffle  furnace  into  the  desiccator.  Such 
heat  differences  could  cause  the  desiccator  to  crack. 

5.  Always  make  sure  the  indicating  dial  on  the  analytical  balance  is  in  the  zero 
position  (off)  before  you  put  a  sample  in  or  take  a  sample  out. 

6.  Never  use  excessive  pressure  to  unstop  the  valve  on  a  burette. 

7.  Always  remove  .^11  Jewelry  before  entering  the  laboratory  area. 

8.  Never  take  deep  breaths  of  chemical  to  identify  their  contents. 

9.  Never  "experiment"  with  mixing  of  chemicals  or  lab  materials. 

10.     Immediately  wipe  up  spills  to  prevent  bkin  and  clothing  contamination. 
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SUMMARY: 


Do  not  forget  that  most  accidents  can  be  prevented.    Your  part  in  safety  nroerams 
is  to  become  familiar  with  the  causes  of  accidents  and  to  folloi  the  Dr^c?iSed  ^Sft^ 
hoJ.fw!^''i„"°"K  '°  P^^^"'  ^^""^  °'         conditions  which  Luse  Lci5eJ?f a"  Sor 

S?v  fJt«?Mn;;  J°"^Pl'^yi  improper  use  of  equipment  and  noncompliance  of  warding  s!gS?? 
a'Sc'i5L'?s"?;i'Se';?ev^:?^5/^°"'*"''^^  •^^•^^"^  ^''^  labo^tory  equipment!  InTlL 

Exercise  II-4-a 

I ns true  t ions: 

1.  What  type  of  injury  may  result  from  contact  with  acids  or  alkali? 

2.  ]¥hat  chemical  is  a  safe  antidote  for  acid  burns? 

labor^to?iesr^        ^^^^^  equipment  which  sb>uld  be  available  in  water  testing 


4.  When  should  personnel  put  on  a  rubber  apron? 

5.  Safety  in  the  laboratory  is  the  responsibility  of  whom? 

6.  In  what  two  conditions  should  you  never  use  a  piece  of  glassware? 

7.  You  should  remove  what  when  entering  the  laboratory  area? 

'^"'^^  ^'''''^  practices  and  three  bad  practices  while  working  in  the  laboratory 
a  rea  •  ' 


PROGRESS  CHECK 


You  should  be  ready  for  the  progress  check.     If  you  feel  you  need  to  review  some 

of  the  previous  instruction,  do  so.     The  progress  check  is  prepared  as  a  se^a?Ite 

publication  and  controlled  by  the  instructor.     You  must  do  the  progrels  cS  Jnder 

instructor  supervision  and  conplete  it  prior  to  leaving  for  the  d^y^ 
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Exercise  II-4-b 


Instructions:     Place  the  letter  indicating  the  correct  term  in  the  blanic  preceding  the 
statement  in  Column  I.     Each  answer  in  Column  II  may  be  used  once,  more  than  once  or  not 
at  all. 


COLUMN  I 

)    Used  to  transfer  exact  quantities  of  liquid  reagents  a. 

)    Used  to  measure  a  reagent  while  titrating  a  water 
sample 

)    Used  to  evaporate  water  samples  under  controlled 

conditions  c. 

)    Used  to  measure  exact  amounts  of  water  samples  d. 

)     Used  to  volatilize  organic  matter  e. 

)    May  be  used  as  a  container  when  heating  samples 

over  a  burner  f. 

)  Used  to  heat  samples  g. 

)  Used  to  measure  temperature  h. 

)  May  be  used  to  contain  sample  being  titrated  i. 

)  Used  to  weigh  samples  during  gravimetric  analysis  j. 

)  Contained'  in  which  "solids"  samples  are  placed 

to  cool  k. 

)  Used  to  measure  exact  volumes  of  dry  powder  1. 

)  Used  to  stir  samples  during  titration  m. 

)  Container  for  sample  which  is  swirled  during  n. 
titration 

)  Used  for  biochemical  oxygen  demand  test  o. 

)  Used  when  mixing  or  testing  solutions  p. 

q- 


COLUMN  II 
Bunsen  burner 

b.     graduated  cylinder 

pipette 
dessiccator 
burette 

casserole 
glass  rod 
Erlenmeyer  flask 
steam  bath 
beaker 

analytical  balance 
thermometer 
chemical  dipper 
muffle  furnace 

reagent 

evaporating  dish 
incubator 


PROGRESS  CHECK 

You  should  be  ready  for  the  progress  check.     If  you  feel  you  need  to  review  some 

of  the  previous  instruction,  do  so.     The  progress  check  is  prepared  as  a  separate 

publication  and  controlled  by  the  instructor.     You  must  do  the  progress  check  under 

instructor  supervision  aii^  complete  it  prior  to  leaving  for  the  day. 
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COLLECT  WATER  AND  WASTEWATER  SAMPLES 


OBJECTIVES 


Given  information,   the  appropriate  sampling  device  and  a  maximum  of  one 
instructor  assist,  collect  and  label  a  water  sample  to  test  for  various  impurities. 

Using  given  information,  and  a  maximum  of  one  instructor  assist,  list  the 
procedures  required  for  collecting  a  sample  of  wastewater  and  sample  of  sludge. 


INTRODUCTION 

The  collection  of  water  samples  and  the  care  given  the  samples  before  they  reach 
the  water  testing  laboratory  are  very  important.     The  biggest  problem  in  the  collec- 
tion of  water  samples  is  to  collect  samples  which  are  truly  representative  of  the 
water  from  which  they  are  taken.     Frequent  chemical  analysis  of  both  raw  and  treated 
water  are  commonly  made  to  plan  and  control  treatment  and  to  insure  that  the  water 
is  satisfactory  for  industrial  purposes,  or  that  It  is  safe  and  potable  to  drink. 
Water  and  wastewater  processing  specialists  are  responsible  f c r  the  collection  of 
water  samples  from  many  sources,  and  may  also  be  responsible  for  the  collection  of 
samples  from  the  wastewater  processing  plant  on  base.     The  information  on  the  col- 
lection and  care  of  water  samples  will  be  included  under  the  following  main  topics. 

*  Purpose  of  Water  Sampling 

*  Procedures  used  in  Collecting  Water  Samples 
^  Dissolved  Gas  Samples 

lamples  for  Bacteriological  Analysis 

*  Labeling  Water  Samples 

*  Purpose  of  Wastewater  Sampling  and  Types  of  Samples 

*  Procedures  Used  in  Collecting  Sludge  Samples 


The  collection  of  water  samples  is  a  preliminary  step  to  water  testing.     The  purpose 
of  water  sampling  is  to  obtain  representative  samples  in  order  that  water  tests  may  be 
performed*     The  water  tests  may  be  required  for  a  variety  of  reasons.     Included  are 
tests  to  find  the  kind  and  amount  of  impurities,  the  treatment  needed,  if  the  treatment 
is  working,   if  the  correct  amount  of  chemicals  are  being  used,  and  last  and  probably 
most  important,   to  determine  if  water  is  safe  for  the  purposes  which  it  will  serve. 


Collecting  samples  from  the  ground  (raw)  -  The  procedures  for  collecting  a  raw  water 
sample  from  a  well  that  is  equipped  with  a  pressure  pump  are  as  follows: 

1.  The  point  of  sampling  should  always  be  as  close  to  the  source  as  possible. 

2.  The  most  desirable  points  of  collection  are  either  from  the  pump  housing  itself 
or  from  the  discharge  line  as  close  to  the  pump  as  possible.     A  small  rubber  hose  con- 
nected to  a  short  piece  of  copper  tubing  and  a  valve  is  satisfactory  for  a  sampling 
line. 

3.  Always  flush  O'U  the  sampling  line  before  you  take  the  sample. 

4.  Use  only  clean  containers  to  collect  water  samples.     It  is  a  good  practice 
to  always  rinse  container  and  its  cover  vdth  some  of  the  sample  water  before  taking 
samples. 


INFORMATION 


Purpose  of  Water  Sampling 


Procedures  Used  in  Collecting  War.er  Samples 
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5.    Cap  the  container  immediately  after  you  draw  the  sample  to  avoid  contamination. 


6.     Label   the  sample. 

7*     Test  as  soon  possible. 

Collecting  samples  from  the  surface  (ra^?)  -  Surface  water  usually  m'-ans  water  from 
a  lake»  stream,  or  spring.     It  is  difficult  to  say  exactly  where  the  point  of  sampling 
point  should  be  because  of  the  varied  conditions  of  surface  water.    You  need  to  use 
good  juugment  and  reasoning  to  select  the  sampling  point  where  the  water  is  most  repre- 
sentative.   You  should  never  take  a  sample  from  a  lake  or  stream  at  or  near  the  inlet » 
a  stagnant  pool»  along  the  shore,  or  near  the  surface.     To  obtain  a  sample  from  a  lake, 
stream,  or  springy  thoroughly  rinse  the  container  and  then  submerge  and  uncork  the 
container  beneath  the  surface.    When  the  container  is  full,  put  the  cork  back  in  and 
withdraw  the  sampler  from  the  water.     This  procedure  will  help  prevent  contamination  of 
your  sample  by  other  undesirable  levels  of  water. 


Dissolved  Gas  Samples 

Take  samples  for  dissolved  gas  tests  carefully.     Use  special  apparatus  to  prevent 
changing  the  gas  content  of  the  sample  by  contacting  it  with  the  air.     Use  narrow  mouth 
eight  ounce  bottles  with  glass  stoppers.     Testing  should  be  conducted  as  soon  after 
collection  as  possible  or  within  one  hour. 


Samples  for  Bacteriological  Analysis 

In  obtaining  samples  for  bacteriological  analysis,  contamination  of  the  sample 
bottle,  stopper,  or  the  sample  itself  may  cause  potable  water  supplies  to  be  reported 
as  nonpotable.     Full  compliance  with  the  following  precautions  is  necessary  to  assure 
the  correct  analysis. 

1.  Bottles:     use  only  clear,  sterilized  bottles  with  glass  stoppers. 

2.  Sampling  from  a  Tap:     After  testing  for  CI2  residual,  close  the  tap  and  heat 
the  outlet  to  destroy  any  contaminating  material  that  may  be  on  the  tip  of  the  faucet. 
Flush  tap  long  enough  to  draw  water  from  the  main  source.    Remove  stopper,  but  do  not 
touch  the  bottle  mouth  or  the  sides  of  the  stopper.     Fill  the  bottle  three  fourths  full; 
this  is  done  to  leave  room  for  the  chemicals  you  will  add  during  the  tests.    Replace  the 
cup  and  fasten  the  protective  cover  with  the  same  care. 

3.  Sampling  from  Tanks,  Pools,  I^kes  or  Streams:     When  you  collect  samples  from 
standing  water,  remove  the  stopper  as  above  and  plunge  the  bottle,  mouth  down,  at  least 
3  inches  beneath  the  surface.     Fill  the    bottle  by  moving  it  away  from  your  hands  so 
the  water  that  has  contacted  your  hands  does  not  enter  the  bottle.     Discard  one  quarter 
of  the  water  and  replace  the  stopper.     To  collect  samples  from  swimming  pools,  collect 
the  sample  from  the  side  of  the  pool  near  the  deepest  part.     Take  the  sample  while  the 
pool  is  in  use,  preferably  during  the  heaviest  bathing  load.     To  collect  samples  from 
lakes  and  ponds,   take  the  samples  from  a  boat  or  pier  about  25  feet  from  shore  and  in 
water  at  least  4  feet  deep.    Do  not  collect  samples  at  the  shoreline.     Collect  stream 
samples  from  a  point  where  water  is  flowing,  not  from  a  stagnant  pool.     In  a  meandering 
stream,  collect  a  sample  at  a  point  where  flow  velocity  is  normal. 


Labeling  Water  Samples 

Water  samples  are  of  little  or  no  value  unless  they  are  properly  identified.  Many 
times  samples  lose  their  identity  while  being  transported  from  the  point  of  collection 
to  the  point  of  testing.     If  the  containers  are  properly  labeled,  there  will  be  little 
chance  of  a  mix-up.    Properly  labelr  *  water  samples  also  aid  you  when  you  fill  ou*-  the 
reports  as  you  test  the  water.     The     iformation  required  to  be  written  on  the  label 
varies,  but  usually  includes  name  ot  the  collector,  temperature,  source,  date  of  sample, 
and  the  type  of  analysis  needed. 
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Purpose  of  Wastewater  Sampling  and  Types  of  Samples 

The  purpose  of  wastewater  sampling  is  to  get  a  representative  part  of  the 
wastewater  so  that  tests  mLy  be  made  to  find  the  composition  and  characteristics  of 
the  flow.     Samples  must  also  be  obtained  to  determine  the  effectiveness  of  treatment 
and  to  find  out  whether  or  not  there  is  a  need  for  a  change  in  treatment. 

Types  of  samples  -  Wastewater  is  made  up  of  99.9  percent  water  and  0.1  percent 
solids.     This  0.1  percent  consists  of  both  organic  and  inorganic  matter  which  may 
be  dissolved,  or  may  be  in  a  suspended  condition  with  varying  characteristics.  The 
solids  tests  that  you  make  will  give  you  a  good  idea  of  how  the  wastewater  should  be 
treated.     Before  the  tests  can  be  made  you  must  collect  representative  samples  of  the 
flow.     Waste  samples  are  grouped  into  two  general  types  depending  upon   the  manner  In 
which  the  samples  are  taken. 

The  two  types  of  simples  are  grab  samples  and  composite  samples.     Grab  samples 
are  taken  at  one  point  at  one  time.     This  type  of  sample  is  very  important  when  the 
condition  of  the  raw  wastewater  must  immediately  be  known.     They  tell  you  the  condi- 
tion of  the  wastewater  at  that  time  only.     Very  often  it  is  necessary  to  alter 
operations  slightly  to  take  care  of  an  immediate,   temporary  problem.     Grab  samples 
will  tell  you  when  rapidly  changing  situations  occur.     A  grab  sample  would  not  how- 
ever, help  you  much  if  you  wanted  to  know  the  average  wastewater  condition.     You  will 
generally  take  grab  samples  for  the  following  tests:     dissolved  oxygen  (D.O.),  pH, 
chlorine  demand,  chlorine  residual,  settable  solids,  and  temperature.     They  are  also 
used  to  determine  the  concentration  of  mixed  liquor  and  the  concentration  of  sludije 
in  "activated  sludge  processes." 

Composite  samples  consist  of  individual  samples  taken  at  regular  Intervals  over 
a  selected  period  of  time  and  then  thoroughly  mixed  prior  to  testing.     We  might  miy 
that  a  composite  sample  is  made  up  of  several  grab  samples  taken  at  one  plac«>,  but 
many  times  during  a  certain  period  of  time.     Remember,   the  same  amount  of  time  is 
allotted  between  each  new  sample  when  making  a  composite.     This  sample  may  be  mixed 
after  the  addition  of  each  individual  sample,  or  at  the  end  of  the  sampling  period. 
Raw  wastewater  samples  are  collected  hourly  unless  special  studies  or  tests  are  being 
made.     The  volume  of  individual  samples  taken  should  be  in  proportion  to  the  volume 
of  wastewater  flow  at  the  time  the  sample  is  Uken.     The  sample  may  be  kept  in  a  wide 
mouthed,  stoppered  glass  bottle,  or  covered  enamel  pails,  which  must  be  kept  refrig- 
erated until  they  are  tested.     This  helps  to  slow  down  the  rate  of  decomposition  of 
the  wastewater.     The  usual  sampling  period  is  24  hours,  although  shorter  periods  may 
be  used.     Composite  samples  are  necessary  when  planning  the  overall  operation  of  the 
wastewater  treatment  plant.     A  composite  sample  is  generally  taken  to  determine 
suspended  solids,   total,  volatile,  fixed  solids  of  sludge,  grease,  and  the  biochemical 
oxygen  demand  (B.O.D.)  of  wastewater. 

Procedures  used  in  Collecting  Sludge  Samples 

Composite  sludge  samples  should  be  taken  from  raw  sludge  going  to  a  digester  and 
digested  sludge  going  to  the  drying  beds.     Samples  should  be  individually  collected  at 
regular  intervals  over  the  pumping  or  drawing  off  period.     Space  these  intervals  to 
provide  for  the  collection  of  at  least  five  or  six  individual  samples  over  a  certain 
period.     The  composite  sample  must  represent  all  pumping  periods  for  the  entire  day. 
Sludge  samples  may  be  taken  from  a  digester  with  a  device  shown  in  figure  5-2.  Its 
use  in  the  sampling  hole  of  a  digester  is  illustrated  in  figure  5-3.     The  chain  is 
marked  to  indicate  depth  of  one- foot  intervals.     Collect  samples  of  digester  sludge 
at  intervals  of  3  to  5  feet,  starting  at  the  top  and  working  down.     This  will  avoid 
Imitating  the  lower  sludire  from  whirh  tho  nA«t-  oomniAo  ^  tr^ri      n^...  t.  


»u  x.iuoxvaxo        o  uu  o  leet,  s  carting  ac  the  top  and  working  down.     This  will  avoid 
agitating  the  lower  sludge  from  which  the  next  samples  are  taken.     Pour  each  sample 
into  a  wide  mouth  bottle,  appropriately  marked,  and  rinse  the  sampler  thoroughly  befor< 
the  next  sample  is  taken.     A  pitcher  pump  with  a  hose  marked  at  one  foot  intervals  may 
also  be  used.     A  checklist  is  provided  below  for  you  to  follow  when  taking  sludee 
samoles.  * 
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Checklist 
Sludge  Sampling  Procedure 


!•  Lower  a  bacon  bomb  sampler  through  the  sampling  compartment  or  the  top  of  the 
digester. 

2.  At  3-5  foot  intervals  pull  the  chain  that  opens  the  sampler  allowing  sludge 
to  flow  into  the  device. 

3.  Remove  sampler  and  pour  the  sludge  into  a  container  that  is  properly  labeled. 


4,  Repeat  Step  1,  but  lower  the  sampler  3-5  feet  deeper  than  the  last  sampling 
point.     Keep  repeating  this  process  until  you  reach  the  bottom  of  the  digester. 


SUMMARY 

A  water  sample  should  be  collected  so  that  it  represents  what  is  supposed  to 
represent.     It  should  not  be  diluted,  concentrated,  or  contaminated  before  testing. 
Samples  should  be  labeled  so  that  they  do  not  become  mixed  up  and  so  that  the  report 
may  be  sent  to  the  right  place. 

Measuring  the  impurities  in  wastewater  is  very  important  in  the  operation  of  a 
wastewater  treatment  plant.     To  be  able  to  make  these  measurements,  it  is  necessary 
to  be  careful  in  both  collecting  the  sample  and  in  making  the  test. 


FIGURE  5-1  -  Sampling  from  a  FIGURE  5-2  -  Sludge  Sampler 

Tank  Ahead  of  the  Weir 
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FIGURE  5-3  -  Collection  of  a 
Sludge  Sample  from  a  Digester 


FIGURE  5-4  -  Dissolved  Oxygen 
Sampler 


Exercise  II-5-a,  b 
PART  I 

Instructions:     Complete  the  following  questions  which  pertain  to  water  and  wastewater 
sampling.    Because  of  the  closely  related  subject  matter,  both  water  and  wastewater 
objectives  may  be  completed  as  one  subject* 

1.    What  is  the  biggest  problem  in  obtaining  a  water  sample? 


2.    What  type  bottle  is  used  as  a  container  for  a  water  sample? 


3. 


Name  two  precautions  which  should  be  observed  to  prevent  a  water  sample  from 
becoming  contaminated  by  the  atmosphere* 
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4.    Why  should  samples  be  labeled  as  soon  as  they  are  taken? 


5.    What  items  are  usually  required  on  a  water  sample  label? 


6.     Where  should  a  water  sample  be  taken  from  a  water  supply  well? 


7.    Where  would  be  a  good  place  to  collect  a  water  sample  if  your  source  is  a  lake? 


8.    What  are  grab  samples?    Composite  samples? 


9,    Which  tests  require  composite  samples/grab  samples? 


10.    What  type  bottle  is  used  along  with  the  sampling  device  to  collect  samples  for  the 


II*     It  is  essential  to  use  what  type  of  containers  for  a  bacteriological  analysis? 


12.    What  is  the  recoiunended  level  to  fill  bottles  for  a  bacteriological  analysis,  and 
why  do  you  do  it  this  way? 


D.O.  test? 


13.    Where  are  samples  taken  from  flowing  wastewater? 
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14.    Name  three  collection  points  when  taking  a  grab  sample  of  sludge* 


15«    What  device  is  used  to  take  a  sludge  sample? 


PART  II 

Instructions:     Following  written  instructions  collect  and  label  a  water  sample  from 
a  given  source  which  could  be  used  to  test  for  dissolved  gases.    Sample  will  be  taken 
.from  an  area  designated  by  the  instructor* 

1.  Collect  a  water  sample 

a.    Obtain  a  clean  water  sample  bottle  from  the  lab 
b«    Go  to  sampling  point  designated  by  the  instructor 

c«    Open  tap  and  allow  water  to  flow  long  enough  to  draw  water  from  main  before 
collecting  sample. 

d.    Rinse  sample  container  with  some  of  the  sample  water* 

e«    Attach  rubber  hose  to  tap  and  let  water  flow  until  all  air  is  removed  from 
hose. 

f.  Drop  end  of  hose  to  bottom  of  sample  bottle  and  using  a  slow,  steady  flow, 
fill  sample  bottle  to  overflowing* 

g.  Turn  off  tap  and  immediately  cap  sample  bottle. 

2.  label  sample  giving  the  following  information: 

a.  Name  of  collector 

b.  Date  of  collection 

c.  Temperature 

d.  Source 

e.  Type  of  analysis  needed 

PART  III 

Instructions:  List  the  step  by  step  procedures  for  collecting  and  labeling  a  wastewater 
sample.     Use  AFM  91-32  as  a  reference. 

1.   

2.   

3.   

4.   

5.   

6.  

7.  

8.  

9. 
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PART  IV 

Instructions:     List  the  step-by-step  procedures  for  collecting  a  sludge  sample. 

1.  .  

2.  _  .   

3.  .  .  

4.  .   

5.  

6.   ,   

7.   ^  

8.  .  

9.  ,  


PROGRESS  CHECK 

You  should  be  ready  for  ttHf  progress  check.     If  you  feel  you  need  to  review  some 

of  the  previous  instruction,  co  so.    The  progress  check  is  prepared  as  a  separate 

publication  and  controlled  by  the  instructor.    You  must  do  the  progress  check  under 

instructor  supervision  and  complete  it  prior  to  leaving  for  the  day. 
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WATER  ANALYSIS 


OBJBCTIV£S 


Using  appropriate  laboratory  equipment  and  testing  procedures,  test  various  samples 
of  water  for  pH,  temperature  and  specific  conductance. 

Using  aproprlate  laboratory  equipment  and  testing  procedures,  test  various  water 
samples  for  chlorine  residual,  turbidity.  Iron  and  fluoride. 

Given  l£     /atory  equipment,  HACH  DR  3000  Spectrophotometer  Methods  manual,  and  a 
water  sample,  test  the  sample  for  true  color  with  no  more  than  one  Instructor  assist* 

Given  information,  laboratory  equipment  and  various  water  samples,  test  the  sampl<^5 
for  hardness,  acidity,  and  alkalinity. 

Given  the  types  of  phosphate  compounds,  and  a  list  of  statements  pertaining  to 
phosphates,  mat<^  each  type  of  compound  to  the  statement  to  their  purpose  and  their 
usefulness.    Three  of  the  five  selections  must  be  correct • 

Given  five  incomplete  statements  concerning  chloride  compounds,  complete  the 
statements  as  they  pertain  to  the  compound  type,  source  and  testing  procedures.  Three 
of  the  five  completed  statements  must  be  correct. 

INTRODUCTION 

The  purpose  of  this  chapter  is  to  help  you  understand  and  become  familiar  with  water 
analysis  and  the  imiportance  of  how  and  why  the  tests  are  performed.    Correct  information 
gathered  from  water  samples  is  necessary  to  monitor  the  plant  efficiency  and  plant 
effluent.    Federal  and  state  standards  must  be  met.    Test  results  advise  the  operators 
of  problems  and  let  them  use  prompt  corrective  actions.    Records  of  test  results  are 
kept  on  IMb  to  show  a  history  of  operations  and  problems  within  the  system. 

For  domestic  purposes,  water  tests  may  be  related  to  the  protection  of  property 
such  as  corrosion  to  metals  cr  scale  deposits.    Naturally,  the  welfare  of  the  consuming 
population  is  well  consider'^d'^    The  US  Department  of  Health  and  Human  Services  and  other 
agencies  have  set  water  quality  standards  and  are  the  inspecting  and  controlling 
agencies  to  ensure  our  water  is  safe  to  use.    Water  analysis  and  documentation  is  a 
must.    Some  of  the  important  tests  to  analyze  in  this  group  are  pH,  acidity,  total  and 
calcium  hardness,  although  the  determination  of  conductivity  and  total  solids  may  be 
Included. 

Water  takes  on  various  characteristics  and  properties  as  it  passes  over  and  through 
the  earth.    These  characteristics  and  properties  vary  and  are  dependent  on  the  materials 
encountered.    They  may  be  classified  according  to  means  of  detection:  physical  (detected 
by  one  or  more  of  the  five  senses),  and  chemical  (detected  by  chemical  analysis).  The 
most  important  physical    characteristics  are  turbidity,  color,  odor,  taste  and  tempera- 
ture.   The  most  importai.c  chemical  characteristics  are  acidity,  alkalinity,  and 
hardness.    Sometimes  these  two  types  of  characteristics  overlap,  for  example:  iron  in 
water  is  a  dissolved  mineral  detectable  by  chemical  analysis,  yet  its  color  and  taste 
are  by  physical  analysis. 


Surface  Water 

For  convenience,  naturally  occuring  surface  water  supplies  may  be  divided  into 
three  primary  categories:    fresh  water,  brackish  water ^  and  salt  or  sea  water. 

Fresh  Water.    Fresh  water  includes  flowing  streams  or  rivers  and  water  impounded 
by  lakes  or  res^^rvoirs.    Most  of  the  surface  waters  in  the  United  States  is  fresh  water. 
Air  Force  standards  permit  maximum  chlorides  of  250  ppn  (pa^te  per  million),  maximum 
sulfates  of  250  ppm,  and  maximum  total  dissolved  solids       5(m  ppm. 


CLASSIFICATION  OF  NATURALLY  OCXTURRING  WATER  SUPPLIES 
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Brackish  Water.     Brackish  water  is  found  in  many  region:,   throughout  the  world,  but 
occurs  roost  frequently  as  ground  water  in  arid  or  semiarid  climates.     Brackish  water  is 
highly  mineralized  and  contain  dissolved  solids  in  excess  of  500  ppm.    This  makes  it 
objectionable  as  a  drinking  water  supply.     Total  dissolved  solids  may  be  as  high  as 
15,000  ppm.     Both  alkalinity  and  salinity  range  from  very  high  to  very  low. 

Salt  or  Sea  Water.     Salt  or  sea  water  usually  contains  total  dissolved  solids  above 
15,000  ppm.    This  is  an  approximation  since  no  clear-cut  line  of    istinction  can  be 
drawn  botwoen  brackish  and  salt  water.     Typical  s^ilt  water  has  a  very  high  sodium 
chloride  content  and  a  low  alkalinity.     It  is  generally  found  only  in  a  free  body  of 
water  such  as  ocean,  sea  or  estuary.     The  most  abundant  source,   the  oceans,  may  contain 
total  dissolved  solids  up  to  35,000  ppm.     Inland  seas  such  as  the  great  Salt  Lake  may 
have  total  dissolved  solids  of  200,000  ppm. 

Ground  wa  ter 

Ground  water  is  made  up  of  all  water  found  beneath  the  surface  of  the  earth.     To  tap 
this  sonrce  of  water,  a  digging  or  drilling  of  a  well  must  be  accomplished.     The  depth 
of  the  well  depends  on  several  factors,  chiefly  the  depth  of  the  water  table.  More 
information  on  wells  will  be  covered  in  Block  3» 

PHYSICAL  CHAftACTERISTICS 

Conufuc  tivity 

Conductivity  is  the  ability  of  a  swb^tar>ce  to  cany  an  electric  current. 
Resistivity  is  the  term  used  to  descrilbe  tht>  offic^ocy  a  substance  can  conduct  the 
el€?ctric  current.     Before  the  advent  ot  j30jV^:.j.s tl\;!J  ^  .*d  modern-day  equipment,  the 
resistivity  of  an  object  was  measured  by  w^yvO'^ntJ  ^  current  of  known  vol  ttcgo  t^'\l 
objective  buried  in  a  box  of  fullers  earth  vc^iiled  a  conductivity  box)  and  meat^u'^ing  the 
amount  of  voltage  that  traveled  one  centimi^^'^r'  across  the  substance^     The  difference  of 
the  two  voltages  was  measured  in  either  oh-''^:  or  micromhos.     The  gteater  t^o  ohms  or 
micromhos,   the  greater  the  conductivity  ar^d  t^e  mailer  the  resistivity*     The  smaller 
the  ohms  or  micromhos,   the  smaller  the  conductivity  ancS  the  larjfer  t'nt'  resltiitivity.  In 
water  testing  the  unit  of  measurement  is  micromhcs/cm.    The  'cin*  denotes  the  distance 
the  electric  curre  t  traveled.     Instruments  u^ed  today  can  measare  conductivity  without 
burying  in  a  conductivity  box. 

Water  which  has  been  treated  to  remove  all  ions  except  HOH,  will  aot  conduct 
electricity.     However,  if  ions  are  added  to  this  water,  it's  conductivity  will  increase 
in  proportion  to  the  amount  added.     The  amount  of  ions  in  water  is  referred  to  as  total 
dissolved  solids.     Thus,   the  more  micromhos/cm  'A'ater  has,   the  mure  total  dissolved 
solids  it  has. 

The  most  common  use  of  this  test  is  in  determining  the  quality  of  distilled  or 
demineriilized  water.     The  less  the  total  dissolved  solids,   the  higher  the  quality  water. 

In  the  classroom  we  will  be  measuring  various  samples  of  water  using  two  different  . 
types  of  conductivity  meters.     The  ions  or  total  dissolved  solids  (TDS)  we  will  measure 
are  sodium  chloride  crystals  or  salt.     Follow  the  instructions  in  your  lab  manual  and 
directions  from  the  instructor. 

Turbidity 

Turbidity  is  a  muddy  or  unclear  condition  of  water,  caused  by  suspended  particles 
of  sand,  silt,  clay  or  organic  matter.     As  water  goes  through  the  hydrological  cycle,  it 
picks  up  impurities  of  dust,  smoke,  silt,  minerals  and  disease  organisms.     Turbidity  is 
a  suspended  solid  that  can  be  detected  by  one  or  more  of  your  five  senses.     Also,  the 
faster  water  flows,   the  more  material  it  picks  up  and  the  larger  the  size  of  the  pieces 
carried  along.     As  water  slows  down,   the  larger  particles  settle  out.     When  the  flow 
stops,  all  but  the  finest  particles  settle  out.     Clay  and  silt  remain  suspended  in  water 
the  longest  because  the  particles  are  so  small. 

The  removal  of  turbidity  is  essential  in  the  production  of  potable  water.  Such 
removal  reduces  con tamina tion „  extends  the  time  between  backwashing  of  filters, 
decreases  chlorine  demand,  improves  disinfection  and  improves  the  acceptability  of  the 
finished  water.     The  Air  Force  Medical  Service  requires  turbidity  removal  becar-y 
suspended  particles  often  contain  disease-producing  organisms. 
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For  the  most  precise  turbidity  measurements,  a  laboratory  turbidimeter  is 
recommended.  This  is  a  true  Nephelometer  which  meets  the  turbidity  measurements 
described  in  APHA  Standard  Methods  and  other  EPA  approved  publications.    The  unit 
mentioned  above  is  used  in  our  lab  and  requires  extreme  care  when  in  use.    Turbidity  is 
measured  in  turbidity  units,  Nephelometer  Turbidity  Units  (NTU). 


Color  in  water  may  be  due  to  dissolved,  colloidal,  or  suspended  solids.     It  may  be 
measured  as  app&rent  color  or  true  color.    Apparent  color  (as  it  appears  to  the  eye)  is 
measured  before  removal  of  suspended  solids,  by  filtration.    True  color  is  the  color 
after  filtration.    Most  color  problems  in  raw  water  supplies  are  due  to  vegetable  dyes 
from  decaying  organic  matter  or  colloidal  precipitates  of  iron  and  manganese.  Indus- 
trial wastes  may  produce  special  color  problems.     These  should  be  prevented  or  treated 
at  the  source.    Color  as  such  is  harmless  but  will  be  objectionable  from  the  standpoint 
of  appearance  and  may  be  associated  with  taste  and  odor  problems.    No  one  treatment 
method  will  remove  all  colors  and  no  rule  will  apply  to  all  waters. 

Odors  and  Taste 

Taste  and  odor  found  in  water  are  caused  by  algae  (small  aquatic  plants), 
decomposing  organic  matter «  dissolved  gases,  or  industrial  waste.    Mineral  substances 
may  also  be  a  cause.    The  chlorination  of  water  may  produce  odors  and  tastes  of  its  own 
or  increase  those  of  the  responsible  organisms  through  destruction.     Potability  is  not 
normally  affected  by  the  presence  of  odors  and  tastes.    On  t^     other  hand,  palatability 
is  frequently  affected,  particularly  when  an  agent  such  as  bo   ,  or  fish  oil  is  present, 
tater  containing  one  of  these  agents  in  noticeable  quantities  is  unpalatable. 

Temperature 

Temperature  is  a  physical  characteristic  which  is  many  times  not  controllable  by 
the  water  treatment  operator.  However,  problems  which  are  temperature  related  can  be 
anticipated  by  the  operator  and  any  changes  in  operation,  if  possible,  can  be  initiated. 

In  the  summertime  the  water  temperature  of  deep  lakes  and  reservoirs  changes 
sharply  from  the  top  to  the  bottom  surfaces.    Due  to  the  differences  in  density  of  water 
at  different  temperatures,  cold  water  will  rise  up  to  the  top,  usually  bring  up  sediment 
from  the  bottom.    This  causes  a  higher  intensity  of  taste  and  odors.     In  the  wintertime, 
water  at  temperatures  of  less  than  45*P  will  slow  down  reaction  times  on  many  chemicals 
causing  a  reduced  treatment  rate*    Overall  water  Is  usually  easier  to  treat  at  a  cool 
temperature  due  to  the  simple  fact  that  it  tastes  better  cool. 


The  total  amount  of  solids  in  water  depends  upon  the  material  with  which  it  has 
been  in  contact,  the  length  of  exposure  and  the  amount  of  carbonic  acid  present. 
Hardness  results  from  the  presence  of  soluble  salts  of  alkaline  earths.     The  most  common 
alkaline  earths  are  calcium  and  magnesium.     Hardness  is  undesirable  in  that  it  consumes 
soap,  and  produces  scale  in  boilers  and  distillation  units. 


Iron  may  be  found  in  water  supplies  as  soluble  or  insoluble  compounds.     It  is  more 
common  in  well  water  than  in  surface  water.    Water  low  in  dissolved  oxygen  converts  iron 
from  the  insoluble  state  to  the  soluble  state.     In  the  soluble  state,  the  mineral  is 
colorless.    When  the  iron  comes  into  contact  with  air  during  pumping  or  aeralion 
activities,  the  iron  will  convert  to  an  insoluble  form.     Iron  is  undesirable  because  it 
imparts  a  rusty  color  and  objectionable  taste  to  water.     It  also  forms  crust  in  plumbing 
and  piping.     When  iron  is  present  in  water,  bacteria  may  also  be  presents     One  of  the 
most  common  type  bacteria  that  develop  in  water  that  has  iron  is  "Crenothrix** .  This 
type  bacteria  needs  iron  for  food  and  lives  in  the  dark  and  will  not  grow  well  when 
there  is  a  lot  of  dissolved  oxygen.     If  these  bacteria  should  die  due  to  poor  living 
conditions,  they  will  create  bad  tastes  and  odors  in  the  water.     The  precipitation  of 
iron  and  dead  t^acteria  will  also  cause  clogging  of  pipes.    The  removal  of  iron  from  the 
water  and  the  increase  of  dissolved  oxygen  by  aerating  the  water  will  prevent  the  growth 
of  Crenothrix.    The  total  iron  concentration  in  potable  water  should  not  exceed  0.3 
milligrams  per  liter. 


Color 
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Hardness 


Iron 
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Manganese 


While  not  encountered  as  often  as  iron,   it  is  found  in  both  surface  and  ground 
water.   Its  presence  in  water  normally  causes  a  gray  or  black  color.     The  total 
concentration  of  manganese  in  potable  water  ^^liOuld  not  exceed  .05  milligrams  per  liter. 

Chlorides 

Chlorides  ions  can  sometimes  be  found  in  water  sources.    They  can  be  the  result  of 
natural  contamination  by  way  of  coastal  infiltration  of  salt  water,  or  as  a  result  of 
man-made  contamination  from    astewater  or  ion  exchange  discharges.  Chloride 
concentrations  of  over  250  mg/L  will  impart  a  salty  taste  in  the  water,  while  chloride 
content  over  30 > 000  mg/L  will  cause  sickness  to  the  consumer.     Three  common  chloride 
compounds  found  in  drinking  water  include  MgCl2i  CaCl2,  and  NaCl* 

pH 

Literally,  pH  stands  for  "power  of  hydrogen".     The  amount  of  H"*"  ions  in  a  water 
sample  is,  through  a  mathematical  formula,  translated  to  a  scale  from  0  -14.     Below  is 
an  example  of  the  pH  scale. 

Acid                            Neutral  Base 
0  —   7  14 

It  is  i?ni  to  remember,  however,  that  pH  is  NOT  a  measure  of  the  amount  of 

acid  or  akalinity^  but  merely  the  tendency  of  the  water  to  be  either  corrosive  or  not. 

Acidity/Alkalinity 

The  amount  of  acid  compouiids  and  alkaline  compounds  represents  an  important  test 
series  in  water  treatment.    Acidity  and  alkalinity  are  exact  opposites  of  each  other. 
Acidity  is  the  ability  of  weiter  tc  nc-tralize  a  strong  base  and  alkalinity  is  the 
ability  to  neutralize  a  stj^ong  r.clQ.     uio^t  tirp^.s  natural  waters  of  the  surface  type  have 
an  amount  of  alkalinity  while  «ratG]r^£if  .!o)A£id  in  the  ground  usually  have  a  small  amount  et 
acidity. 

Three  ions  make  up  alkalinity  in  the  water:     OH",  CO3",  and  HC03~.  OH" 
is  not  found  naturally  in  raw  waters  but  is  used  in  various  water  treatment  processes. 
If  found  in  raw  crater  sources,  OH'  indicates  that  a  pollution  source  is  discharging 
into  the  water.     ^03="  and  HCO3"  are  both  found  naturally  in  water  sources  and 
they  too  are  us^d  In  various  water  treatment  processes.     Alkalinity  can  be  found  in  the 
water  from  a  pH  of  4.5  to  14  pH. 

Acidity  is  made  up  of   the  fr'     mineral  acids,  ie.,  HCl,  H2SO4,   H3PO4,  and 
HNO3,  and  the  carbonic  acid'^  made  up  of  H2CO3.     Free  mineral  acids,  PMA,  are  not 
usually  found  naturally  and  exist  in  water  with  pH  from  0  -  4.8  pH.     Carbonic  acids, 
usually  caused  by  CO2  gas  dissolved  in  water  forming  H2CO3,  can  be  found  in  water 
up  to  an  8.3  pH. 

For  proper  treatment  of  water  to  occur,  a  balance  must  be  maintained  between 
acidity  and  alkalinity.    This  balance  is  achieved  by  the  addition  of  chemicals  to  the 
treatment  process.    Without  accurate  test  results,  however,  this  balance  will  be 
impossible  to  accomplish,  illustrating  the  iirportance  of  lab  work. 

Fluorides 

Fluoride  is  a  mineral  that  many  municipalities  have  decided  to  add  tu  their  water  . 
tiystems.     Through  numerous  studies,   fluorides  have  proven  to  prevent  dental  cavities  in 
children  through  age  12.     Fluorides  are  not  without  critics,   for  some  feel  that 
fluoridation  of  water  is  unhealthy.     Use  of  fluoride,  however,  has  been  approved  by  the 


Phosphates 

Phosphates  are  mostly  found  in  soaps  and  fertilizers.     If  you  look  at  the  box  of 
any  laundry  detergent,  it  will  state  the  percent  of  phosphates  U  contains.    The  higher 
the  amount  of  phosphate,  the  more  powerful  the  detergent  and  the  more  it  will  polute. 
Hemember,    phosphates  will  not  decompose  naturally.    Phosphates  come  in  two  parts 
ortho-phosphates  and  poly-phosphates.    Ortho-phosphates  are  used  to  soften  water  for 
domestic  and  industrial  uses.    Poly-phosphates  are  used  to  stablize  water  after  it  has 
been  treated.    Stabilization  will  prevent  corrosion  and  scale  in  our  water  lines  and 
machinery.     Each  type  in  small  quantities  serves  a  useful  purpose.    We  can  only  make 
tests  for  ortho-phosphates.     So  we  must  change  all  poly-phosphates  in  a  sample  to 
ortho-phosphates  by  heating.  «-  i- 


Chlorine 


Chlorine  is  a  major  disinfectant  used  for  both  water  and  wastewater.    While  it  is 
not  known  how  chlorine  kills  bacteria,  what  is  known  is  that  when  chlorine  is  present  in 
water,  known  as  chlorine  residual,  bacteria  can  not  exist.     This  fact  is  very  useful  for 
assuring  a  drinking  water  system  is  safe  for  consumption.    A  0.2  ppm  readinn  is 
considered  pot&ble  (safe  to  drink). 


DISSOLVED  GASES 


The  concentration  of  a  gas  in  the  water  is  diroctly  proportional  to  the  concentra- 
tion and  pressure  of  that  gas  in  the  atmosphere.     In  general,  this  involves  the  water 
temperature,  its  salinity  and  altitude.    The  gases  of  primary  interest  to  water  supply 
are  listed  below.  ' 

Oxygen 

^ur^J^lft  °*  dissolved  oxygen  are  found  in  rain  water.     The  amounts  In  surface 

water  vary  greatly  depending  on  the  amount  and  typt*  of  pollution,  the  degree  of  self- 
purlflcatlon,  the  action  of  algae  and  the  temperature  of  the  water.     Polluted  water  will 
exhaust  the  dissolved  oxygen  supply,  while  cleaner  water  will  maintain  a  greater 
dissolved  oxygen  supply.    Colder  water  contains  larger  amounts  of  dissolved  oxygen  than 
warmer  watesr.     As  the  teieperature  rises,  the  dissolved  oxygen  is  released  to  the 
atmosphere.     Decreased  pressure  on  water  has  the  same  effect,  releasing  oxygen  to  the 
atmosphere.    Onis  disadvatttage  of  a  high  dissolved  oxygen  content  is  that  it    will  cause 
many  metals  to  corrode.      Figure  6-1  shows  a  D.O.  sampler. 


FIGURE  6-1.    Dissolved  Oxygen  Sampler 
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Carbon  Dioxide 


The  presence  of  carbon  dioxide  in  water  contributes  to  the  dei^ree  of  hardness  and 
actidity  of  the  water*    Water  acquires  this  gas  in  four  ways:   from  the  air  by  natural 
movements  of  water  coming  in  contact  with  the  air,  such  as  currents  and  wave  action;  by 
contact  with  decomposing  vegetation,  which  j;ives  off  carbon  dioxide  freely;  by  the 
reaction  of  alum  and  soda  ash  In  the  coagulation  prociz^ss;  by  contact  with  the  gas  In 
underground  deposits.     A  high  carbon  dioxide  contef^^  ^isu^lly  makes  wut^r  more  corrosive 
to  metals. 

Hydrogen  Sulfide 

Hydrogen  sulfide  in  solution  lends  a  disagreeable  taste  and  rotten-egg  odor  to 
water*     Ground  water  absorbs  sulfides  by  passing  over  sulfur  bearing  rocks*  Hydrogen 
sulfide  is  also  responsible  for  the  destruction  of  cement  and  concrete  as  well  as  the 
corrosion  of  metals*     In  small  amounts  it  is  unpleasant  but  not  dangerous*     In  large 
amounts  it  is  harmful. 


Water  takes  on  Its  own  physical  and  chemical  properties  as  it  passes  over  and 
through  the  earth.     Some  of  these  properties  can  be  in  the  form  of  turbidity,  color, 
odor,   taste,   temperature  and  dissolved  minerals.     Surface  and  ground  water  are  two 
supply  sources  for  our  use*     Surface  water  is  divided  into  three  categories,  fresh, 
brackish  and  salt  water.    Some  characteristics  of  water  are  hardness,  acidity  and 
alkft.linity.    Oxygen,  carbon  dioxide  and  hydrogen  sulfide  are  common  dissolved  gases 
found  in  our  water  source  today* 


Instruc  tions:     Complete  the  following  list  of  questions  with  full  explanations. 
1*     What  are  some  distinguishing  properties  and  characteristics  of  water? 

2*  What  are  the  two  sources  of  water? 

3.  What  is  meant  by  "brackish"  water? 

4*  Explain  why  hydrogen  sulfide  gas  is  found  in  some  of  our  water* 

5.  What  will  the  effect  of  an  excessive  amount  of  manganese  do  to  our  water  supply? 

6*    List  the  tw:)  elements  that  are  undesirable  in  that  they  cause  a  high  soap 
consumption^. 


SUMMARY 


Exercise  II-6-a 


PART  I 


EKLC 


7.    that  are  two  types  of  phosphates  used  in  water  treatment? 


8.    What  test  measures  the  TDS  content  of  water? 


Exercise  II~d<-b 

Instructions:     Pill  In  the  blanks  with  the  correct  response  to  make  each  of  the 
following  a  true  statement. 

1.    Colorlmetrlc  method  of  testing  Is  used  to  test  for  ,   , 

 »   f  and   . 

2«    does  not  occur  naturally »  but  Is  added  to  kill  bacteria.     Potable  water 

may  have  a  residual  of    ppm. 

3.    Iron  is  objectionable  at  ppm. 

  i«  added  to  help  prevent  tooth  decay.    The  most  desired  amount  is 

  ppw.    3  to  5  ppm  causes  
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PART  II 


I nstruc tions:     Given  a  set  of  facts  concernini^  the  testing  of  water  for  temperature, 
pH,  and  specific  conductance.,  correctly  match  each  fact  with  its  statement.    Place  the 
letter  indicating  the  correct  term  in  the  blank  preceding  the  statement  in  Column  I. 


COLUMN  I 

1.  (   )  PH 

2.  (    )  TDS 

3.  (   )  mg/L 

4.  (   )  mL/L 

5.  (  )    standby  position 

6.  (  )     to  determine  kind  of 

trea  tment  required 

7.  (  )    buffer  solution 

8.  (  )    uncover  probes 

9.  (  )    pure  water  should  have  a 

pH  of   

10.  (  )  ppm 

11-  (  )  gpg 

12.  (  )  use  of  low  range  probes 

13.  (  )  use  of  high  range  probes 

14.  (  )    method  used  to  test  for 

pH  and  conductance 

15.  (  )  pH  -  7 

16.  (  )  pH  «  9 

17.  (  )  pH  -  4 

18.  (  )  acidity 

19.  (  )  alkalinity 

20.  (  )  two  scales  which  temperature 

can  be  measured  by 


COLUMN  II 

a.  neutral 

b.  parts  per  million 
c«  polarization 

dt*  standardize  the  pH  meter 

e.  prepare  the  meter 

f.  hydrogen  ion  concentration 

g.  grains  per  gallon 

h.  acid 

i.  base  (alkaline) 

J .  electric  meter 

k.  purpose  of  water  analysis 

1.  C**  and 

m.  purpose  of  specific  conductance 

n.  H-t-  ions 

o.  OH* ions 

p.  milliliter  per  liter 

q.  milligram  per  liter 

r.  demineralizers 

a.  raw  or  treated  wfl;tar 

t.  5)4-7 


1. 
2. 

3. 

4. 


EXERCISE  II-6C 


Two  types  of  color  are 


and 


matter  and  algae. 


maganese. 


color  is  caused  by 


color  is  caused  by 


solids  such  as  vegetable 
solids  such  as  iron  and 


color  cannot  be  removed  by  filtration. 
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Exercise  II-6-d 


Instructions;  Pill  in  the  blanks  with  the  correct  response  so  that  each  statement  will 
be  true. 


1*  Two  types  of  phosphates  are 

2.  Phosphates  are  found  in   

3*  We  can  only  test  for   

4,  We  change  all 
5. 


and 


and 


to 


by  heating  the  sample* 


will  prevent  corrosion  in  our  water  lines. 


Exercise  II-6-e 
PART  I 

Instructions:  Under  the  general  clasif ictions  of  impurities  listed  below,  list  the 
causes  of  each  impurity* 


HARDNESS 


(1) 
(2) 
(3) 


(1) 
(2) 
(3) 


ACIDITY 


(1) 
(2) 
(3) 


ALKALINITY 


CHLORIDES 


(1) 
(2) 
(3) 


Instructions: 
a.  NaOH 
b*  CaCl2 
c  *  H23O4 
d*  KOH 


PART  II 

List  the  following  compounds  in  the  correct  columns  in  the  table  below* 


e* 
f  * 
8* 


CaC03 
NaHC03 


h*  Pe(HC03)2 


Compounds  causing 
hardness  alone 


i*  CaS04 

J  *  MgS04 

k*  Na2C03 

1.  MgCl2 


m. 
n* 
o* 
P» 


Compounds  causing  both 
hardness  and  alkalinity 


HCl 

Ca(HC03)2 
Mg(HC03)2 
Mn(HC03)2 


Compounds  causing 
alkalinity  alone 


Compounds  causing 
acidity 
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PART  II r 

Instructions:     List  the  following  compounds  in  the  correct  column  in  the  Uble  below. 


a. 

NaOH 

f . 

Ca  ( HCO3 ) 

CaC03 

CaCl2 

c  • 

KOH 

h. 

MgC03 

CaS()4 

i. 

NaHC03 

Na2C():- 

j* 

MgS04 

k. 

MgCl2 

Compounds  causing  Co>/w;v>  ^vds  causing  both  Compounds  causing 

hardness  alone  harciI^css  and  alkalinity  alkalinity  alone 


PArtT  IV 

Instructions:     The  following  chart  gives  the  relationship  between  "P"  alkalinity  and 
"M"  alkalinity.     Using  the  chart,  solve  problems  1  thru  10  and  list  your  answers  on 
the  blank  lines.     You  are  to  determine  the  amount  of  alkalinity  (OH,  CO3  and  HCO3) 
and  concentration  present* 

Condition  of  alkalinity  Hydrate  OH  Carbonate  CO3  Bicarbonate  HCO3 

P=0  0  0  Same  as  M 

P=M  Sane  as  M  0  0 

P=I/2M  0  Same  as  M  O 

P  is  more  than  1/2M  2(>-M  2(M-P)  O 

P  is  less  than  1/2M  0  2P  M-2P 

I.     When  the  total  alkalinity  (M)  is  40, 

and  P  is  also  40  ppm.   


2.  When  M  -  60  ppm.  and  P      30  ppm. 

:i.  W»i<»n  M  =  2r)  ppm.  and  P  -  O  ppm. 

4.  When  M  =  40  and  P  «  10  ppm. 

5.  When  M  =  50  ppm.  and  P  =  30  ppm. 
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PART  V 


Instructions:     The  following  chart  gives  the  relationship  between  hardness  and 
alkalinity.    Using  the  chart,  solve  problems  1  thru  10  and  list  your  answers  on 
the  blank  lines*     You  are  to  determine  the  amount  of  carbonate  hardnes^s  and  the 
amount  of  non-carbof^a te  l,:{.jrdness, 

KINDS  OP  HARDNESS  PRESENT: 


Hardness  and  Alkalinity 
relationship 

H  is  less  than  M 
H  »  M 

H  is  more  than  M 

Ca-H  ■  Calcium  hardness 
Mg-H  ■  Magnesium  hardness 
H  ■  Total  hardness 
M  -  Total  alkalinity 

1«     When  H  is  125  and  M  is 

2.     When  M  is  124  and  H  is 

?>.     When  H  is  150  and  M  is 


Carbv:nate  hardness 


same  amoun  t  as  H 
same  amount  as  H 
same  amoun  t  as  M 


125 
100 
125 


4.  When  Ca-H  is  60,  H  is  90  and  M  is  90 

5.  When  M  is  120,  Ca-H  is  50  and  H  is  150 


Non-Carbonate  hardness 


NONE 
NONK 

difference  between  H  &  M 


Exercise  fI-6-e 
PART  I 

Instruc  tions:     Complete  the  following  statements. 

1.  Chlorides  are  foond  in  water  both    and  a    a  result 

2,  What  causes  chlorides  to  be  present  in  ground  water?   


3.  More  than    ppm  chlorides  will  give  water  a  salty  taste. 

4.  More  than   ppm  chlorides  can  make  you  sick. 

5.  To  test  for  chlorides  we  titrat*?  the  sample  with   

PART  II 

Instructions:     List  the  following  compounds  in  the  correct  columns  in  the  table  below. 
^-     CaCl2  d.     CaS04  g.  MgCl2 

b.     H2SO4  e.     Mg?J04  h.  Mg(HC03)2 

NaCl  f.     Ca(HC03)2  i.  HCl 

Compounds  Causing  Chlorides  Compounds  Causing  Sulfates 


PROGRESS  CHECK 

You  should  be  re.  dy  for  the  progress  check.     If  you  feel  you  need  to  review  some 
>f  the  previous  instruction,  do  so.     The  progress  check  is  prepared  as  a  separate 
>ublication  and  controlled  by  the  instructor.    You  must  do  the  progress  check  under 
instructor  supervision  and  complete  it  prior  to  leaving  for  the  day. 
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WASTEWATER  ANALYSI5J 


OBJECTIVES 


Given  information,  laboratory  equipment  and  a  wastewater  sample,  test  the  sample  for 
Settleable  Solids.     No  more  than  two  instructor  assists  are  allowed. 

Given  iafcrmei tiua ,  laboratory  equipment  and  a  sludge  sample,  perform  Total  Solids 
and  SettleaDle  Solids  test.  No  more  than  two  instructor  assists  are  allowed  for  each 
test. 

Given  information,  laboratory  equiptnent  and  a  wastewater  sample,  test  the  sample  for 
Suspended  Solids.     No  more  than  two  instructor  assists  are  allowed. 

Given  information.  Laboratory  equipmont  and  a  wastewater  sample,   perform  u 
Biochemical  Oxygen  Demand  test.     No  more  than  two  instructor  assists  are  allowed. 

Given  information  related  to  wastewater  analysis  and  five  facts  concerning  the 
purpose  of  Chemical  Oxygen  Demand  (COD)   testing  method,  match  the  facts  with  the 
Information.     Three  of  the  five  must  be  correct. 


INTRODUCTION 

The  purpose  of  this  study  guide  Is  to  help  you  to  understand  and  become  familiar 
with  the  analyses  which  are  required  to  gain  the  necessary  information  for  proper 
operation  of  the  waste  disposal  plant  for  the  base. 

The  term  "wastewater/'  as  used  in  this  study  guide/workbook,  refers  to  the  spent 
water  of  a  base  or  comitiunity  containing  the  wastes  from  domestic  and  industrial  uses. 
ThHS«  wastes  are  collected  in  the  sani-ary  eewer  system  and  flows   through  the  waste 
disposal  plant,  are  treated  and  discharged  into  a  receiving  stream*     On  an  average, 
wastewater  is  99.9%  (by  weight)  water.     The  remaining  0.1%  contains  the  wastes 
produced  ir  '-Mman  habitations  and  consists  of  excrements,  dirt  from  the  laundry,  dish- 
water arid  j'ney    household  wastes,  ^jIus  varying  amounts  ot  industrial  -^vastes.     It  is 
frequentl.)    .v-^  cfrt  "sanitary  sewage,"  a   tenn  indicating  origin  rather   than  condition. 

tb'5  purpose  of  wastewater  treatment  is  to  remove  the  various  solids  and  to  redu.-.e 
the  dissolved  organic  matter  and  the  biological  oxygen  demand  to  a  level  which  will  not 
deplete  the  dissolved  oxygen  in  the  receiving  stream.     It  should  be  noted  that  a  system 
without   tertiary  treatment  does  not  remove  the  dissolved  inorganic  materials  such  as 
chlorides,  sulfates,  and  phosphates  from  the  water. 

The  purposes  of  the  wastewater  tests  are  to  determine  the  degree  of  treatment 
required  and  to  control  the  operation  of  a  treatment  plant  to  determine  the  efficiency 
and/or  adequacy  of  the  treatment,  as  shown  by   the  quality  of  the  effluent. 

The  characteristics  of  both   treated  and  untreated  wastewater  m;iy  be  determined  by 
inhipections  or  by   tests   to  include:  color,  odor,   B.O.D.,   pll,    temperature,    total  solids, 
rate  of  settling,  and  strength  of  sewage. 

Fresh  sanitary  sewage  is  normally  gray  in  color,   having  the  odor  and  appearance  of 
dirty  dishwater.     Stale  or  "septic"  sanitary  sewage  is  dark  to  black  in  color  with 
varying  intensities  of  disagreeable  odors.     The  change  from  fresh  to  septic  sewage 
results  from  the  action  of  bacteria  present  in  the  organic  material  which  is  contained 
in  the  sewage.     The  waste  products  in  wastewater  consist  of  both  organic  and  inorganic 
materials.     These  impurities  may  be  in  the  form  of  either  suspended  or  dissolved  solids. 
It  is  the  organic  matter  which  gives  sewage  its  objectionable  properties  and  it  is  the 
decomposition  of  this  material  by  bacteria   that  results  in   the  formation  of  septic 
sewage.     The  organic  matter  may  be  stable,  meaning  that  it  is  resistant  to  bacterial 
breakdown  or  it  may  be  ufiStable  and  breakdown  easily. 


7^1 


ERIC 


The  terms  weak,  medium,  or  strong  are  used  to  describe  the  strength  of  sewage*  • 
The  concentration  of  waste  materials  in  sewage  will  determine  which  term  should  be  - 
used.    See  Table  1  for  conditions  which  have  been  designated  as  being  either  weak, 
medium,  or  strong. 


Analysis 

Weak 

Medium 

Strong 

Total  Solids 

'430 

720 

1200 

Total  Volatile  Solids 

240 

420 

810 

Suspended  Solids 

100 

200 

370 

Volatile  Suspended  Solids 

70 

130 

220 

Settleable  Solids,  mg/L. 

2 

4 

6 

Biochemical  Oxygen  Demand 

100 

210 

410 

Total  Nitrogen 

10 

30 

40 

Ammonia  Nitrogen 

4 

10 

20 

Soaps  and  Pats 

6 

10 

20 

Table  !•    Average  Composition  of  Various  Strength  Sewage  at 
Military  Installations,  Expressed  in  mg/L  (ppm). 


BIOCHEMICAL  OXYGEN  DEMAND  (B.O.D.) 

The  most  important  test  that  is  normally  performed  on  wastewater  and  the  one 
giving  the  most  information  on  the  strength  of  the  sewage  is  the  B.O.D.   test.     As  the 
name  implies,  it  is  the  quantity  of  oxygen  required  for  the  biochemical  oxidation  in 
a  given  period  of  time  and  at  a  controlled  temperature  of  20**C  for  5  days.     The  B.O.D. 
test  utilizes  oxygen  from  the  air  which  has  been  dissolved  in  water.     This  condition 
simulates  the  conditions  encountered  in  sewage  purification  which  is  why   the  test  is 
so  valuable. 

In  making  the  test  a  known  volume  of  wastewater  is  mlr*3d  with  a  measured  amount  of 
water  containing  a  predetermined  amount  of  dissolved  oxygo  ;      The  mixture  is  placed  in 
a  glass-stoppered  bottle  and  kept  at  the  proper  temperature   .       the  specified  number  of 
days.    Under  these  conditions  the  sewage  bacteria  which  are  r4ormally  present  will  cause 
the  organic  matter  to  become  oxidized.    Dissolved  oxygen  will  be  used  up  in  direct 
proportion  to  the  amount  of  organic  matter  which  is  present.     The  decomposed  products 
formed  are  mostly  carbon  dioxide  (CO2)  and  water  (H2O).     At  the  end  of  the  specified 
period  of  time  the  amount  of  dissolved  oxygen  remaining  in   the  mixture  is  determined  and 
the  difference  between  the  original  and  the  final  oxygen  content  can  be  calculated.  The 
B.O.D.  test  is  considered  to  be  a  direct  measurement  of  the  strength  of  the  sewage.  A 
B.O.D.  of  95  ppm  or  less  indicates  weak  sewage  while  a  B.O.D.  of  400  ppm  or  above 
indicates  strong  sewage. 


SETTLEABLE  SOLIDS 

A  test  has  been  devised  to  accurately  measure  the  amount  of  solids  which  will 
settle  out.     The  tests  may  be  made  by  using  an  Imhoff  cone  which  is  a  piece  of 
laboratory  equipment  named  in  honor  of  Dr.  Karl  Imhoff,   the  inventor  of  the  Imhoff 
tank.     This  cone  must  be  filled  with  well  mixed  wastewater  to  the  one  liter  mark. 
The  cone  and  its  contents  are  allowed  to  stand  for  one  hour  after  which  the  amount 
of  settleable  solids  may  be  read  directly  in  milliliters.     The  settleable  solids 
may  be  expressed  either  as  a  quantity  by  weight  or  by  volume — most  freqently  on  a 
volume  basis.  By  testing  both  the  Influent  and  effluent  of  a  sedimentation  tank, 
the  percentage  of  solids  removal  and  efficiency  of  tank  may  be  found. 
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DETERMINATION  OK  THE  SOLIDS  CONTAXNEl)  IN  WASTEWATEK 


Total  Solids 

Total  solids  irioluie  all  of  the  dissolved  solids  plus  all  of  the  suspended  solids 
contained  in  the  wastewiat^rr.     The  total  solids  are  normally  expressed  as  ing/L.  To 
determin<^  the  amount  't  total  solids  in  a  sample,  it  is  necessary  to  evaporate  the  water 
cc)ntent  of  a  known  volume  of  well  mixed  wastewater.    To  perform  this  test,  take  a 
previously  wei'/.hed  evaporating  dish,  add  the  measured  sample  of  wastewater,  and  heat 
using  a  constaat  temperature  between  lOS^C  and  105 When  the  sample  is  dried, 
re~weigh  the  dish  containg  the  dry  residue  and  calculate  the  gain  in  weight.    The  gain 
in  weight  may  be  converted  to  mg/L* 

Not  all  of  the  total  solids  are  removed  from  wastewater  by  treatment  received  in 
the  wastewater  treatment  plant c     A  large  part  of  the  soluable  solids,  which  comprise  the 
largest  part  of  total  solids,  pass  through  the  treatment  devices  unchanged.  Soluable 
solids  in  wastewater  will  eventually  dissolve. 

One  of  the  reasons  for  making  the  total  solids  test  is  to  gain  part  of  the 
information  needed  to  calculate  the  dissolved  solids  content  of  wastewater. 

Suspended  Solids 

Suspended  solids  are  made  up  of  settleable  solids  and  non*-settleable  solids,  which 
can  be  organic  or  inorganic  matter.    The  suspended  solids  in  wastewater  are  the  solids 
which  can  be  filtered  out  of  a  known  volume  of  sample  in  a  previously  weighed  Gc-vch 
crucible  with  a  glass  fiber  filter  pad»  or  other  suitable  filtering  device.    The  sample 
should  be  well  mixed  prior  to  measuring  out  the  correct  volume  for  test  purposes.  The 
weight  gain  of  the  Gooch  crucible  indicates  the  amount  of  suspended  solids  present.  It 
should  be  noted  that  suspended  solids  include  the  solids  that  would  settle  cut  of  the 
wastewater  after  the  carrying  stream  loses  its  velocity.    AlsOr  matter  that  is  too  light 
to  settle,  but  which  is  trapped  by  the  filter  pad  in  a  laboratory  test  is  considered 
suspended  solids.     This  test  is  useful  in  evaluating  the  efficiency  of  plant  units*  The 
overall  removal  in  complete  treatment  is  usually  more  than  90%. 

Volatile  Solids  and  Fixed  Solids 

It  is  desirable  to  determine  how  much  of  the  total  solids  are  made  up  of  organic  or 
"volatile"  matter  and  how  much  is  inorganic  or  "fixed"  matter.    The  process  of  digestion 
can  be  measured  by  the  destruction  of  organic  matter  (volatile  solids).  Reducing 
organic  matter  is  measured  by  the  volatile  solids  test  which  indicates  the  completeness 
of  the  digested  matter.     Raw  sludge  or  primary  settled  sludge  usually  will  contain  60  to 
70  percent  of  volatile  solids.     Well  digested  sludge  could  have  as  little  as  50  percent 
volatile  solids.     This  well  digested  sludge  should  be  black  in  color  and  not  have  an 
unpleasant  odor.  Volatilization  may  be  accomplished  by  carefully  igniting  or  burning  the 
residue  from  the  total  solids  test  and  noting  the  loss  in  weight  which  is  called 
volatile  matter.     This  test  measures  the  amount  of  solids  that  vaporize  at  550^0.  Most 
organic  compounds  vaporize  below  550^C,  while  most  inorganic  compounds  must  be  heated  in 
excess  of  550®C  before  they  'vill  volatize*     In  practice  the  volatile  matter  is  sometimes 
expressed  in  percentage  by  weight  of  the  total  amount  of  solids.     The  substance  that  is 
left  in  the  evaporating  dish  after  burrMr?^  the  organic  matter  is  the  inorganic  matter  or 
fixed  solids.     These  fixed  solids  are     )m,.>osed  of  inert  substances  such  as  sand,  metals » 
and  minerals.     The  percent  of  fixed  so      s  should  not  exceed  40-50  percent  of  the  total 
solids  content.     The  reason  why  the  amount  of  organic  matter  must  be  known  is  because 
wastewater  treatment  is  more  concerned  with  organic  matter  while  inorgnisic  matter  is  of 
secondary  importance.    Organic  matter  contains  the  harmful,  pathogenic  diseases. 

Tests  on  all  of  the  above  are  performed  using  the  gravimetric  method  of  testings 
The  settleable  solids  and  B.O.D.  tests  are  considered  in  groups  of  their  own  even  though 
they  may  contain  steps  similar  to  one  or  more  of  the  four  major  methods. 

Dissolved  Solids 

The  amount  of  dissolved  solids  may  be  computed  by  subtracting  the  amount  of 
suspended  solids  from  the  amount  of  total  solids.     This  information  is  not  normally 
required,  however,  it  may  be  used  to  determine  the  character  of  raw  wastewater  or  to 
show  a  high  rate  of  industrial  pollution »     See  Figure  7-1  for  classification  of  solids 
in  a  typical  sanitary  sewage  system. 
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SOLIDS 


Dissolved 


Wastewater 

1.  Rav 

2.  Primary 

3.  Secondary 

4.  Final 


Sus-ended 


Settleable 


Nonse ttleablfe 


Floating 


Grease 
Oil 

Debris 


Sludges 

1.  Raw  (PST) 

2.  Digester  (inside) 

3.  Digested  (draw  to  beds) 

4.  Supernatant  liquor 


Total  Solids  (Dry) 


Volatile  (organic) 


Fixed  (inorganic ) 


FIoUHK  7-1.     Total  Solids  Contained  In  a  Typical  Sanitary  Sewat^o  Systori 
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ADDITIONAL  WASTEWATER  TESTING 


Volatile  Acids 

Volatile  acids  are  found  contained  in  the  sludge  of  digestors*     These  organic  acidr 
are  formed  by  anaerobic  bacteria*    Examples  of  organic  acids  are:     acetic  acid,  better 
known  as  vinegar;  citric  acid,  found  in  lemons:  and  formic  acid*    Formic  acid  is  found 
in  red  an'.s*    When  volatile  acids  are  present,  an  acidic  environment  exists  which  's 
unsuitable  for  digestion  of  organic  ir^trer*     This  condition  is  caused  by  pumping  too 
much  raw  sludge  into  the  digestor  at  one  time,  and/or  by  unthorough  mixing*     A  test  foi 
volatile  acids  will  determine  the  overall  health  of  m  digestor* 

Grease  -  Grease  is  primarily  composed  of  fatty  m-      er  from  animals  and  oils  from 
vegetables.     Grease  also  contains  sc!ipsp  waxes  and  otht^r  oils*     By  knowing  the  percent- 
age of  each  minimizes  the  difficulty  in  determining  the  major  source  and  simplifies 
the  correction  of  grease  problems  in  sewage  treatment  plants.    Grease  clogs  pipes  and 
filterSp  interferes  with  the  settling  rate,  and  prevents  anaerobic  bacteria  from 
decomposing  all  organic  matter  properly. 

A  gravimetric  test  will  determine  the  amount  of  grease  in  -.he  di^*estor*    Samples  of 
oil  film  recovered  from  tlie  surface  of  a  stream  or  other  body  of  wat.er  vlll  b'-  almost 
impossible  to  evaluate  in  relation  to  the  total  volume  of  w:^t^rp   total  fliji  eirea,  and 
thickness  involved* 

Settling  Rate  -  The  settling  rate  test  is  primarily  used!  at  an  activaL  ^  :iludge 
treatment  plant*    Many  things  effect  the  rate  in  which  sollv:5  settle  includiri^  the 
a>y^ount  of  greasop   temperaturep  speed  of  flow  through  the  primary  settling  tauk,  and 
th?i  amount  of  aeration  present. 

C.O*D*  -  Of  the  organics  in  wastewaterp  a  large  part  consists  of  bio  legradable 
material  -  those  which  serve  as  a  food  source  for  bacteria*    The  amount  of  oxygen 
required  to  stabilize  the  biodegradable  organics  is  measured  by  the  BOD  test*    Some  of 
the  organics  in  wastewaterp  especially  pesticides p  are  not  biologically  degradable  and 
are  not  measured  in  the  BOD  test*     The  chemical  oxygen  demand  (COD)  is  used  to  measure 
the  amount  of  these  materials  present*    Since  more  things  can  be  oxidized  chemically 
than  biologically »  the  COD  results  will  be  higher  than  BOD,    The  COD  has  the  advantage 
of  being  completed  in  about  two  hours  instead  of  five  days  like  the  BOD  test*  This 
allows  closer  operational  control  of  plant  treatment  processes*    When  a  ^^ong  term 
correlation  between  BOD  and  COD  can  be  shown p   then  EPA  may  sometimes  accept  the  COD  test 
a  substitute  for  BOD  tee^ 

The  test  equipment  tha^        required  is  a  300  mL  round-bottom  flask  with  a  glass 
neck  and  a  condenser.     A  b        Jp.tep  and  a  500  mL  Erlenmeyer  flaskt  will  be  needed* 
The  reagents  required  are      .fu.      acid-silver  sulfate  solutlonp  potassium  dichro- 
roate  solution,  ferroin  indicator  solutlonp  ferrous  ammonium  sulfate  solution  and 
mercur      sulfate  crystals* 

Th.  generalized  procedures  used  to  perform  the  C*0*D*   test  are  as  follows: 

1*    Put  20-mL  of  sample  in  the  flask;  add  0*4  g  of  mercuric  sulfate  and  10  mL  of 
potassium  dichromate  solution*     Add  30  mL  of  sulfuric  acid-silver  sulfate  solution  and 
mix.     Attach  the  flask  to  the  condenser  and  heat  the  sample  solution*     Let  cool. 

2*     Transfer  the  contents  to  a  50C  ri^L  Erlenmeyer  flask;  dilute  tae  mixture  to  about  140 
mLp  cool  and  titrate  the  excess  dichromate  ifith  ferrous  ammonium  sulfate  solution »  using 
the  ferroin  indicator  —  usually  3  cr  4  drops  of  indie  tor  are  added  to  the  sample  before 
titration* 


Formula:     COD(mg/L)  " 


a  -  b  X  c  X  BpOOO 
mL  of  sample 


COD 


Oxygen  used  from  potassium  dichromate 

mL  ferrous  ami&onium  sulfate  solution  used  for  the  blank  sample 
mL  ferrous  ammonium  sulfate  solution  for  the  sample 
normality  of  ferrous  ammonium  sulfate  solution 


a 


b 


c 
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FIGURE  7-2.     Apparatus  Used  for  C.0.0. 


Nitrogen  compounds  -  Nitrogen  compounds  are  Important  In  the  control  of  wastewater 
treatment  plants.    There  are  four  types  of  nitrogen  compounds  which  you  should  oecome 
familiar  with.    They  are:    organic  -N,  ammonia  -N,  nitrate  -N,  and  total  nitrogen. 
Total  -N  Is  made  up  of  organic  and  ammonia  nitrogen. 

Nitrate  nitrogen  Is  probably  the  most  important  since  its  presence  tells  us  the 
stablllisatlon  process  is  complete.    A  rise  in  organic  nitrogen  content  may  often  be 
related  to  the  sewage  or  indmrtrlal  waste  pollution  of  a  given  water  supply. 

Sulfide  Compounds  -  Hydrogen  sulfide  (H2S)  is  released  by  anaerobic 
oecnmposi tlon,  indicating  there  is  no  oxygen  present  in  the  wastewater.     This  often 
means  you  have  a  septic  condltlcn.    Hydrogen  sulfide  in  solution  ienc*^  a  disagreeable 
taste  and  rotten--egg  odor  to  water.    Concentrations  of  a  few  cent'tis  of  a  milli^jram  per 
liter  cause  an  objectionable  s^ell,  while  higher  concentra  tionc;        low  concentrations 
over  an  extended  period  of  time  are  deadly.     Never  leave  sludge  in  the  digestor  long 
eii.oig:t  CO  form  this  gas. 

Ground  water  absorbs  sulfides  by  passing  over  sulfur-bearing  rocks.  Hydrogen 
sulfide  when  in  water  or  exposed  to  oxyg^^n  can  turn  into  sulfuric-  acid  which  attacks 
concrete  and  cement  in  sewers  causing  •'crown*'  corrosion.    Samples  must  be  taken  with 
a  roinirauta  amount  of  aeration  to  prevent  oxygen  from  chemically  combining  and  thus 
changing  the  hydrogen  sulfide  content. 


TESTING  FOR  COLIFORM  BACTERIA 

To  insure  there  has  been  no  pollution  of  potable  water  supplies,  pvcry  week  tests 
littst  be  performed  to  detect  any  presence  of  coliform  bacLei^la.     For  the  ^^outine  exam- 
ination of  roost  potable  water  supplies,  the  object  of  the  test  is  to  determine  the 
presence  or  absence  of  coliform  organisms.    Also  it  measures  the  efficiency  of  plant 
operation.    At  least  95*  of  all  samples  examined  should  give  negative  results.  One 
positive  result  does  not  moan  the  water  is  contaminated.    But  three  out  of  five  or  more 
positive  results  is  good  reason  for  some  type  of  action.    Any  observable  increase  in 
the  number  of  positive  samples  also  is  a  good  indication  of  trouble  in  your  treatment 
process. 
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The  conform  bacteria  originate  in  the  intestines  of  man  and  other  warm  blooded 
animals*    They  themselves  are  not  harmful »  but  show  us  that  other  harmful  bacteria 
(for  which  there  is  no  easy  test)»  -ould  be  living  in  the  water  (Pathogens)*    The  fecal 
coliform  test  is  an  indicator  of  hai*mful  bacteria  in  the  wastewater*    Both  the 
raul  tiple- tube  fermentation  test  which  is  ezipr&ssed  as  ''Most  Probable  Number"  (IIPN) 
and  the  millipore  membrane  filter  test  or  Membrane  Filter  (MP)  are  used  to  check  for 
colifor^*:  in  water  and  wastewater*    The  coliform  group  density  is  expressed  as  the 
degree  of  pollution*     The  test  and  test  results  are  used  as  a  basis  for  the  standards  . 
of  bacteriological  quality  of  water  supplies*     Extreme  care  must  be  taken  to  provide 
sterile  sample  bottles  and  testing  equipment  so  not  to  alter  the  actual  bacteria  count* 


The  MPN  multiple- tube  fermentation  method  is  based  on  the  appearance  of  gas  bi-bblas 
in  small  vials  or  tubes  produced  by  the  fermentation  of  a  lactose  broth  medium*  This 
incubation  time  could  range  from  24  to  96  hours*     The  MF  or  millipore  membrane  filter 
test  is  used  to  collect  coliform  from  larger  more  representative  samples  of  water* 
When  the  sample  is  passed  through  the  filter,  microorganisms  that  are  larger  than  the 
filter  pores  are  trapped  on  the  filter  surface  where  they  can  be  cultured  to  form  visi- 
ble colonies*    The  various  coliform  colonies  will  develop  different  colors  providing 
a  diret;^  count  of  coliform  within  24  hours* 


Test  results  are  usually  reported  by  the  multiple- tube  fermentation  procedure  as 
a  Most  Probable  Number  (MPN)  index*     This  index  is  a  number  of  coliform  bacteria  which 
merely  give  the  results  shown  by  laboratory  testing*     It  is  not  on  a  cual  count  of 
bacteria*     The  direct  plating  method  such  as  the  membrane  filter  procedure  will  give  a 
direct  count  of  bacteria  or  coliform  colonies*     In  both  of  the  methods  above,  coliform 
density  is  reported  as  the  membrane  filter  count  (MPN)  per  100  mL*     Both  procedures 
are  good  for  checking  the  sanitary  quality  of  water  and  the  effectiveness  of  the 
treatment  plant  process* 


When  testing  for  coliform  using  the  test  tubes  procedure,  four  types  of  test  tubes 
can  be  used  to  check  for  active  formations  produced  by  the  bacteria:    a  presumptive  test 
with  a  dehydrated  lactose  broth  contained  in  the  test  tube;  a  lauryl  tryptose  troth  used 
to  detect  bacteria  which  causes  gas  formations  in  the  tube;  a  confirmed  test  that  con- 
tains a  bright  green  lactose  bile  broth  which  Identifies  total  coliform  bacteria;  and 
an  S*C.  medium  tost  that  when  the  sample  is  incubated  at  tempertureo  higher  than  the 
gas  fornuttion,  temperatures  of  the  nonfecal  coliform  will  then  indicate  the  presence  of 
fecal  coliform  bacteria*     The  multiple  tube  dilution  procedure  requires  separate  tubes 
for  each  amount  of  sample  to  be  tested  and  a  minimum  of  three  dilutions  of  cMich  sample* 
If  there  arv   five  samples  with  three  dilutions  of  each  sample*  you  will  have  fifteen 
fermentation  test  tubes  to  anlayze^     This  procedure  must  be  performed  with  extreme 
care  a-)d  accuracy*     Many  steps  are  involved  in  ta    ng  each  sample,  preparing  the  vari- 
ous dilutions  and  incubatirg  t^e  samples  at  speci  !«.c  temperatures  for  a  set  time  that 
begins  at  a  24  hour  period  anc  could  take  as  loni  as  48  or  96  hours*    Remember,  the 
fermentation  tube  test  will  give  you  positive  resa? ts  but  will  not  Indicate  the 
numerical  count  of  bacteriological  colonies* 


The  membrane  filter  (MP)  technique  is  used  for  analyzing  water  throughout  the 
interstate  water  ways*    This  test  can  reproduce  bacteria  very  well  when  testing  large 
volumes  of  water  samples*    This  test  is  able  to  yield  a  positive  result  in  the  sample 
faster  than  the  standard  tube  tests*    Results  are  made  in  24  hours  and  more  representa- 
tive samples  of  water  caa  be  iwide  more  routinely*    The  numerical  counts  fro«  membrane 
filters  have  better  accur;>c:^  than  with  the  fermentation  tube  method  and  tbe  equipment 
and  supplies  are  loss  bull^/.     Also,  more  individual  total  samples  can  be  made  with  less 
space  used  up  in  the  labors. terry. 


Total  and  fecal  colifor'j  testa  are  by  far  one  of  the  most  important  tasts  taksr. 
for  water  quality  standards*     Information  explaining  detailed  methods  and  procedures 
pertaining  to  coliform  tests  can  be  found  in  Standard  Methods  for  the  Examination  of 
Water  and  Wastewater  and  other  microbiological-millipore  publications* 
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a.    Presumptive  Test: 


Add  water  samples  to  five  tubes  containing 
lauryl  tryptose  broth  and  invert  vials  and 
incubate  for  24  hours. 


Gas  produced 
Positive  Presumption  test 


No  gas  produced 

Incubate  another  r:4  hours 


Gas  produced  Positive 
Presumi:  ,ion  Test  


b.    Confirmed  Test: 


gas  produced 
Negative  pre- 
sumption tests; 
coll  form  group 
absent 


Transfer  portion  o'  positive  culture  to  brtght 
green  lactose  bile  broth  and  incubate  48  nours 


Gas  produced 
Positive  Confimed  Test 
Colifom  Group  present 


c«    Completed  Test: 


No  gas  produced 
Coliform  group  absent 


Transfer  portion  of  a  positive  culture  to  Roein 
Methylene  Blue  (EHB)  agar  plate  ar^d  incuba  ^  24  hou rs 


Transfer  small  amount  of  c.iiform  colony 
from  the  EMB  plate  to  nutrient  agar  slant 
and  lauryl  tryptose  broth  and  incubate 


No  gas  produced 

Red  stained  cocci  or  blue  stained, 

rod  st»,f<jd  bacteria  found  — 

Negar  ^y^  r  ogpieted  test  


Gas  produced 
Red  stained,  nonspore  forming 
rod-shaped  bacteria  found 
positive  completed  test  


FIGURE  7-3.    Multiple- tube  Termentation  Method  of  Process  Control 


EKLC 


7-8 

375 


SUMMARY 


There  are  a  fev^  additional  tests  which  ay  or  may  not  perform  in  the  field. 

Some  deal  with  wastewater,  others  with  water.     fn  this  last  chapter  we  have  talked 
about  a  few  wastewater  and  one  water  test.     A  basic  understanding  of  each  is  required. 

Volatile  acids  are  organic  acids  found  in  the  sludge  of  jigestors.     The  smallest 
amount  of  them  as  possible  is  desired  because  their  presence  is  unsuitable  for  the 
digestion  of  organic  matter.     A  test  for  volatile  acids  will  determine  the  overall 
health  of  a  digestor. 

Grease  is  composed  of  animal  fats,  oils,  soups  and  waxes.     They  clog  pipes  znd 
filters,  interfere  with  settling  rates,  and  prevent  anaerobic  bacteria  from  decomposing 
organic  matter  properly.     A  gravimetric  test  will  determine  the  amount  of  grease  in  the 
diges  tor. 

Hydrogen  sulfide  (H2S)  is  released  by  anaerobic  decomposi  tion  which  indicates  tha  t 
there  is  no  oxygen  present.     This  often  means  you  have  a  septic  condition.     The  gas  has 
a  rotten-egg  odor  which  varies  in  concentrations  depending  on  the  septic  conditions. 
Never  leave  sludge  ir  the  digtstor  long  enough  to  form  this  gas.     When  combined  with 
oxygen,  becomes  a  highly  corrosive  sulfuric  acid. 

Nitrogen  compounds  come  in  four  basic  types;  organic,  .ammonia »  nitrate,  and  total. 
Nitrate  nitrogen  if  present  indicates  the  stabilization  process  is  complete.     A  rise  in 
organic  nitrogen  content  may  often  be  related  to  the  sewage  or  industrial  waste 
pollution  of  a  given  water  supply* 

C.0.0.  is  a  test  performed  in  the  place  of  B.0..0.     It  tukes  two  hours  to  complete 
and  its  results  are  comparable  to  that  of  the  B.O.D*     C.0.0.  does  require  certain 
equipment  and  has  not  been  recognized  by  the  EPAm     C.O.D.  is  especially  good  to  test 
where  there  is  industrial  waste. 

Settling  rate  Is  effected  by  many  things  including  the  amount  of  grease,  tempera- 
ture,  speed  of  flow  through  the  primary  settling  tank  and  the  amount  of  aeration 
presen  t . 

Coliform  bacteria  is  tested  to  insure  harmful  bacteria  are  not  present,  ^^oliform 
originate  in  the  intestines  of  man  and  other  warm  blooaed  animals.     Extreme  care  must  be 
taken  to  provide  sterile  sample  bottles. 
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Exercise  II-7-b 
Instructions:     Complete  the  following  questions. 

1.  What  does  D.O.  and  B.0.0.  represent. 

2.  List  the  three  major  r;hemicals  used  to  prepare  a  D.O.  and  a  B.O.D. 
a. 

b. 
c. 

3.  What  reagent  is  used  to  titrate  either  a  D.O.  or  B.O.D. ? 

4.  What  is  the  purpose  for  preparing  and  testing  a  "blank"  dilution  water  sample? 

5.  At  what  temperature  a;e  the  B.O.D.  samples  incubated? 

6.  Tell  what  a  BODg  meas^.ies  in  a  wastewater  sample. 

7.  List  five  laboratory  equipment  or  glassware  usee  erformance  of  a 
D.O.  or  B.O.D.  test. 

a« 

b. 

c, 

d. 

e. 

Exercise  II-7-c 
I  ns true tions:     Complete  the  followinj^  questions: 

1.  How  dov      ^rease  interfere  with  settling  rates? 

2.  What  factors  influence  the  settling  rate? 
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3.     How  many  milliliters  of  sample  are  required  to  run  a  settleable  solids  test? 


4,     What  is  the  total   time      a        :^  i     ^      a  se'i:tleable  solids  test? 


5,  What   three  types  of  wastewater       r>.u*r'.     samples  are    measured  when  pertorming 
a  settleable  solidf,  test? 

a  • 

b. 

c. 

6.  What  laboratory  devices  are  used  to  perform  a  settleable  solids  test? 


Exercise  II-7-d 
ins  true  t ions:     Complete  the  following  questions, 

!•     List  thrfie  types  of  solids  which  are  catagorized  u  Jer  total  solids, 
a, 
b. 

2,     What   type  of  sat^ple  is  usually  used  to  test  for  total  solids? 


3,  What  arc   throe  pieces  of  equipment  used  to  evaporate  the  water  content 
of  a  sample  for  the  total  solids  t^st? 

a, 

b. 

c. 

4,  What  unit  is  used  to  dry  the  total  solids  sample? 

5.  What  unit  is  used  to  burn  or  volatilize  the  cotal  solids  sample? 

6.  What  unit  is  used  to  cool  a  solias  sample  witLout  absorbing  moibi 
into  the  simple? 
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7.     V>iat  ploco  of  pqiiipnont  is  U5?ert  to  weiP'h  the  soli  r!5?  safnplos? 


That  siibstanc^*^^  i  n  clanslflorl  as  vnlatllo  natter? 


P.     v/hat  substan  if>  Is  classified  as  fixer)  natter? 


least  three  safety  items  or  eqiilprent  used  diirl  nr  the  nerforrance 
oi       .    :otal  solids  test. 

a* 

h. 

c . 

Rxerclse  II-7-p 
Instructions;     rornplete  the  followinr  quf-stions. 

1.     VhRt  piece  of  equipnenl  is  used  to  filter  out  the  suspended  ml  ids  in  a 
wastewater  sample? 


F!ow  are  the  suspencd  solids  drawn  throurh  the  filter  elonent? 


3.  V/hat  three  types        wastewnter  samples  are  usup.llv  filtered  when  perforninr 
a  suspended  solids  test? 

a. 
c. 

4.  V/hat  device  is  used  to  -'ry  o  suf^riendcrl  solids  sample'' 


5,     Pow  lonr  Is  required  to  completely  dry  a  suspended  solids  sannle? 


V'hat  unit  is  used  to  cooi  a  suspended  solids  sample  without  letting  nol  stum  absorb 
into  the  sample? 


7.     V;hat  device  is  used  to  welfxli  the  suspended  soli  dp  ^anplc? 
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Execise  II-7-f 
Instructions:    Complete  the  following  questions, 
!•    Why  is  coliform  bacteria  harmful? 

2.    What  type  of  bottle(8)  is/are  used  collecting  a  sample  to  test  for 
colifom  bacteria? 


3#     List  at  least  two  diseases  caused  by  pathogenic  bactp7-j;.s, 
a* 
b. 


4,    Why  are  coliform  bacteria   >  "     *  nsidered  pathogenic  or  (*:lsease  producing? 


5«    What  precautions  must  be  fc^'.r.J  to  produce  correct  bacteriological  test 
results? 


6.    Why  must  saic.  le  bottles  be  sterilized  before  a  bacteriological  test  is 
performed? 


Ezpercise  II-7-g 
Instructions:    Complete  the  following  questions. 

1.  What  do  the  letters  **C.O.D.**  represent? 

2.  List  three  advantages  of  performing  the  C.O.D.  compared  to  the  BODq. 
a. 

b. 
c  • 

3.  List  three  chemicals  used  in  the  performance  of  a  C.O.D.  test, 
a. 

b. 
c. 

4.  List  two  pieces  of  lab  equipment  used  to  perform  a  C.O.D.  test, 
a. 

b. 

PROGRESS  CHECK 

You  should  be  ready  for  the  progress  chock.     If  you  feul  you  need  to  review  some 
of  the  previous  instruction,  do  so.    The  progress  check  is  prepared  as  a  separate 
publicui:.'lori  and  controlled  by  the  intttrucior.    You  must  do  the  progress  check  und«&r 
in8tru<?^.or  supervision  and  complete  it  prior  to  leaving  for  the  day. 
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RBLATKD  IIATH8KATICS 

OHJBCTIVK: 

Solve  problems  in  addition,  subtraction,  imiltiplication,  and  division  of  whole 
numbers, 

KgPBRENCB/ MATBRI AL/ BQU I PMBNT : 
None 

INSTRU(m0WS: 

!•      Thl«  p«*ogr»ss  check  Cv         .s  oit  4  ite*^;^.    You  must  solve  each  item  corrnctly  to 
receive  a  satisfactory  ^w.lng. 

2.  then  you  have  completed  th«  progrei^s  chech,  return  it  to  your  instructor. 

3.  If  you  have  no  questions  start  your  progress  check. 

DIRRCTIONS: 

1>      SalvH  each  of  the  following  problems  correctly. 

(1)     9479  (2)     5302  (3)     1801  (4)     43  /^126764 

6364  -  2807  x  191 

2469 
^  VI7H5 


~  STOP  — 


Instructor's  Ini  tials 


EKLC 


1-1 

383 


3770  Technicml  TralQlng  Group 
Civil  Bnginoering  Tr&ifiing 
8hep|»ard  Air  Force  Baso,  Texas 


PC  J3ABII56'i:n  OOO-^II-tb 


RRUTBD  MATHBMATICS 


OHJeCTIVK: 

Solw  probleM  io  addition,  subtraetioo,  aultipllcatioo,  and  division  of  declnMils« 


RBPRRBNCS/IIATBRI AL/8QUI PMKNT : 
Hons 

IN8TIIUCTIOII8: 

1.  This  progress  chock  consists  of  4  itens.  You  aust  solvs  each  ita«  correctly  to 
rttceivo  a  satisfactory  rating« 

2.  When  yuu  havH  completed  the  progress  check,  return  it  to  your  instructor. 

3.  If  you  iiave  no  questions,  start  your  progress  check. 

niRBCTlONS: 

Solve  each  of  .ihe  folloving  problevs  correctly. 


I.    3.18  ♦  34.35  ^  .14  ^  4.9  -i-  1*0  » 


2.    45.561  31.2433 


Ifi.  .059 
X  83. 2 


4.     .02958  ♦  .12  » 


~  STOP 

Before  proceeding  any  further  have  the  instructor  check  your  answers. 


Instructor's  Initials 
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3770  Technical  Trailing  Group 
Civil  Bnginoering  Training 
Sheppard  Air  Force  Base,  Texas 


PC  J3ABK56631  000-II-lc 


RELATKO  MATHfiMATICS 


OBJKCTIVK: 


Solve  problems  in  addition,  subtractioo,  multiplication,  and  division  of  fractions. 

llKPKRfif^CE/  MATRRI AL/  BQU I PMBNT : 
None 

INSTRUCTIONS: 

1.  This  progress  check  consists  of  4  Items,    You  must  solve  each  Item  correctly  to 
receive  a  satisfactory  rating, 

2.  When  you  have  completed  the  progress  check,  return  it  to  your  instructor, 

3.  If  you  have  no  questions,  start  your  progress  check, 

DIKKCTIONS: 

Solve  each  of  the  following  problems  correctly, 

1.  5/6  +  2/9  -   

2.  2  7/8-1  1/8  -   

3.  4/5  X  3/5  -     


4.    9  +  2/7  - 


—  STOP  ~ 

Before  proceeding  any  further  have  the  Instructor  check  your  answers. 

Instructor's  Initials 
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3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  Air  Force  Base,  Texas 


PC  J3AUU56631  000-II-ld 
June  1986 


RELATBO  MATHEMATICS 

OBJECTIVE: 

Given  the  formulas,  dimensions,  and  a  geometric  figure  of  a  square,  rectangle,  and 
circle,  compute  the  area  of  each. 

RRPKli^:^fCK/  material/  equ  ipment  : 
None 

INSTRUCTIONS: 

1.  This  progress  check  consists  of  3  items.    You  must  solve  ^sach  item  correctly  to 
receive  a  satisfactory  rating. 

2.  When  you  have  completed  the  progress  check,  return  it  to  your  instructor. 

3.  If  you  have  no  questions,  start  your  progress  check. 

DIRECTIONS: 

Solvt?  each  of  the  following  problems  correctly. 


Area  »  S2  A  - 

6" 


2. 


3" 


Area 


L  X  W 


10^ 


3,  D»  40"  Area  x  R2  A  »  

—  STOP  ~ 

Before  proceeding  any  further  have  the  instructor  check  your  answers. 

Instructor's  Initials 
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3770  Technical  Training  Group 
(;ivll  Engineering  Training 
Sheppard  Air  Force  Base,  Texas 


PC  .J3ABR56631  000-II-le 
June  1986 


RELATED  MATHEMATICS 


OBJECT I VK: 


Ctivun  the  formulas,  dimensions,  and  a  geometric  figure  of  a  square,  rectangle,  and 
circle,  compute  the  volume  of  eaclti. 

KKPKKENCE/ MATERIAL/ EQU I PMEHT : 

None 

INSTRUCTIOHS: 

1.  This  progress  check  consists  of  3  Items.    You  must  solve  eacli  Item  correctly  to 
receive  a  satisfactory  rating. 

2.  When  you  have  completed  the  progress  check,  return  it  to  your  instructor. 

3.  If  you  have  no  questions,  start  your  progress  check. 
DIRECTIONS: 

Solve  each  of  the  following  problems  correctly. 
I.    •       •      Volume  »  S3  v  «     


^  VolutDe  =  L  X  f  X  H 


2 


i 


X  r2  X  H 


—  STOP  — 


Before  proceeding  any  further  have  the  instructor  check  your  answers. 


Instructor' s  Iril tials 
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3770  Technical  Tt-aining  Group  PC  J3ABR56631  OOO-II-lf 

Civil  engineering  Training 
Sheppard  Air  Force  Base,  Texas 

RELATED  MATHEMATICS 

OBJECTIVE : 

Given  problems  pertaining  to  a  typical  water  supply  system  and  a  maximum  of  three 
instructor  assists,  follow  the  correct  procedure  to  complete  each  problem. 

RBPKRENCE/MATKRIAL/EQUIPMENT: 
None 

INSTRUCTIONS: 

1.  This  progress  check  consists  of  6  items.    You  must  solve  each  item  correctly  to 
receive)  a  satisfactory  rating* 

2.  When  you  have  completed  the  progress  check,  return  it  to  your  instructor. 

3.  You  are  authoriztid  a  maximum  of  three  instructor  assists. 

4.  If  you  have  no  questions,  start  your  progress  check. 
DIRECTIONS: 

Solve  each  of  the  following  problems  correctly.    Round  off  all  answers  to  a  whole 


number. 
1.  a. 


A  swimming  pool  measures  64  ft.  by  43  ft.,  and  is  2  ft.  deep  at  one  end  and  12 
ft.  deep  at  the  other  end.    How  large  is  the  pool? 


b.    How  nany  gallons  of  water  will  this  pool  hold? 


c.     If  a  pump  delivers  40  gallons  per  minute,  how  long  will  it  take  to  fill  this 
pool?   Hrs.  Mln. 

2.    a.    A  water  storage  tank  56  ft.  in  height,  with  a  diameter  of  28  ft.  contains  how 
many  gallons  of  water  when  full?  

b.    Assuming  this  tank  is  full,  what  would  the  psi  be  at  the  bottom  of  the  tank. 


3.    You  are  told  to  disinfect  a  tank  of  water  which  holds  750,000  gallons  when  full.  In 

stock  there  is  some  dry  powder  chlorine  that  is  70*  pure.    How  many  pounds  of 
chlorine  will  you  need  to  reach  a  5.0  ppm  content  of  chemical? 


—  STOP  " 

Before  proceeding  any  further  have  the  instructor  check  your  answers. 

instructor's  Initials 
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3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  Air  Force  Base,  Texas 


PC  J3ABR5G631  000-II-ig 
June  1986 


RELATED  MATHEMATICS 


OBJECTIVE: 


Given  the  temperature  conversion  formulas,  convert  temperature  between  the  metric 
and  English  systems. 

IIEPKKKNCE/ MATERIAL/EQUIPMENT: 
None 

INSTRUCTIONS: 

1.  This  progress  check  consists  of  2  Items.    You  roust  solve  each  item  correctly  to 
receive  a  satisfactory  rating. 

2.  When  you  have  completed  the  progress  check »  return  it  to  your  instructor. 

3.  If  you  have  no  questions,  start  your  progress  check. 

niRKCTIONS: 

I.      Solve  each  of  the  following  problems  correctly. 

Instructions:    Change  the  following  C^  temperatures  to       and       to  C^ . 

1.     C  -  5/9  X  (F-32) 
68*F  «  '•C 


2.     P  =  9/5  X  C  +  32 
lO^'C  «  *F 

~  STOP  — 

Before  proceeding  any  further  have  the  instructor  check  your  answers. 

Instructor's  Initials 
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3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  Air  Force  Base,  Texas 


PC  J3ABR56631  000-II-2& 
June  1986 


PRINCIPLES  OP  PHYSICS 

OBJECTIVE: 

Given  infornatlon  and  a  list  of  eight  incomplete  statements  concerning  physics, 
complete  the  statements.    Five  of  the  eight  must  be  correct. 

REFERENCE/ MATERI AL/ EQU I PMENT : 
None 

INSTRUCTIONS: 

1.  This  progress  check  consists  of  8  items.    You  must  solve  5  item  correctly  to 
receive  a  satisfactory  rating. 

2.  When  you  have  completed  the  progress  check,  return  it  to  your  instructor. 

3.  If  you  have  no  questions,  start  your  progress  check. 

DIRECTIONS: 

Complete  each  statement  so  that  it  will  state  a  correct  fact  about  physics. 
Exercise  2a 

Instructions:    Complete  each  statement  so  that  it  will  state  a  correct  fact  about 
physics. 

1.  Physics  is  the  study  of    and  . 

2.  Energy  is  

3.  Kenetic  and  Potential  are  two  types  of  . 

4.  Define  matter  ^  

5.  List  the  three  states  of  matter. 

a.  

b.  ^  

c.  

6.  What  are  two  factors  that  cause  a  change  of  matter  from  one  physical  state  to 
another? 

a.  ^  

b.  [  

7.  Any  material  or  substance  th&t  can  be  reduced  to  a  simpler  form  is  known  as  a 


8.     If  you  were  trying  to  find  the  density  of  a  substance,  you  would  divide  the  weight 
by  the  

2-1 
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3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  Air  Force  Base,  Texas 


OBJECTIVE : 


PC  J3ABR56631  000-II-3a 
Juno  1986 


PRINCIPLBS  OF  CHEMISTRY 


Given  a  list  of  twenty  chemical  terms,  elements*  radicals,  and  other  related  terms, 
match  them  with  their  definitions  and/or  symbols.    Sixteen  of  the  twenty  terms  must  be 
correct* 

REFBKENC  E/ MAT  ER I AL/ EQU I PMENT : 
None 

INSTRUCTIONS: 

1.  This  progress  check  consists  of  20  items.    You  must  solve  16  items  correctly  to 
receive  a  satisfactory  rating. 

2.  When  you  have  completed  the  progress  check,  return  it  to  your  instructor. 

3.  If  you  have  no  questions,  start  your  progress  check. 
DIRECTIONS: 

1.      Solve  each  of  the  following  problems  correctly. 
COLUMN  I 


1. 
2. 

:i. 

4. 
5. 
6. 

7. 

8. 

9. 

10. 

11. 

12. 


)    The  process  by  which  moHecules  break 
up  to  form  ions 

)  The  weight  of  a  unit  volumt^'  of  matter 

)    A  numbc^r  which  shows  the  comparative 
weight  of  one  atom 

)    A  number  which  shows  the  number  of 
protons  contained  in  one  atom 

)    The  relative  combining  capacity  of 
an  element 

)    The  weight  of  an  element  which  will 
react  chemically  with  another 
element 

)    A  substance  composed  of  two  or  more 
elements,  chemically  combined 

)    An  ion  composed  of  two  or  more  ele- 
ments combined  chemically 

)    Sub-atomic  particle  with  a  (-*-) 
charge 

)    Atom  or  radical  with  an  electrical 
charge 

)    Sub-atomic  particle  with  a  (-) 
charge 


) 


COLUMN  II 

a.  Atomic  number 

b.  Concentrated  solution 

c.  Formula 

d.  Anion 

e.  Proton 

f.  Molecular  weight 

g.  Ionization 

h.  Valence 

i.  Solvent 
J.  Molecule 

k.  Atomic  weight 

1.  Equivalent  weight 

m.  Radical 

n.  Density 

o.  Ion 

p.  Electron 


Ion  with  a  charge 

~  STOP  ~ 

Before  proceeding  any  further  have  the  instructor  check  your  answers. 

Instructor ' s  Initials 


EKLC 


3-i391 


)    Weight  of  one  molecule  of  a  coropouni^ 

)    Smallest  part  of  a  compound 

)    Abbreviation  for  the  name  of  a  com- 
pound 

)    An  ton  with  a  (-)  charge 

)    A  solution  containing  a  large  amount 
of  solute  per  unit  volume 

)    A  substance  which  has  been  dissolved 

)    A  substance  which  will  dissolve 
another  substance 

)    A  uniform  mixture  of  two  or  more 
substances  in  liquid  form 


q.  Cation 

r.  Solute 

8.  Compound 

t.  Solution 


~  STOP  — 

Before  proceeding  any  further  have  the  instructor  check  your  answers. 

  Instructor's  Initials 
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3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  Air  Force  Base,  Texas 


OBJECT  I VK: 


PC  J3ABR56631  000-1 I-3b 
June  1986 


PRINCIPLES  OF  CHEMISTKY 


Givon  a  list  of  25  chemical  compounds  and  their  formulas,  match  the  chemical 
compounds  with  their  formulas  and  Indicate  whether  the  compound  is  an  acid,  base,  or 
salt.    At  least  I?  of  15  must  be  correct. 

REFKRKNCB/  IIATER I AL/  EQU I PMENT : 

SW  J3A3R56631  QOO-II-l  thru  7 

INSTRUCTIONS: 

1.  This  progress  check  consists  of  15  items.    You  must  solve  12  items  correctly  to 
receive  a  satisfactory  rating. 

2.  When  you  have  completed  the  progress  check,  retnrn  it  to  your  instructor. 

3.  If  you  have  no  questions,  start  your  progress  check. 
DIRECTIONS: 

Instructions:     Place  the  letter  of  the  matching  formula  in  the  space  provided  preceding 
the  correct  compound  in  Column  I,  also  indicate  in  the  space  provided  following  the 
compound  if  It  is  an  acid,  base,  or  salt  by  placing  an  "a"  for  acid,  a  "b"  for  base  or 
an  **s'*  for  salt  in  that  space* 


COLUMN  II 


I. 
o  ^ 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

1.0. 

II. 

12. 

13. 

14. 

15. 


COLUMN  I 
)    Calcium  carbonate  (  ) 
)     Hydrochloric  acid  (  ) 
)    Sulfuric  acid  (  ) 
)    Sodium  Hydroxide  (  ) 
)    Magnesium  Hydroxide  (  ) 
)    Potassium  hydroxide  (  ) 
)    Nitric  acid  (  ) 
)    Calcium  hydroxide  (  ) 
)    Sodium  chloride  (  ) 
)    Carbonic  acid  (  ) 
)    Calcium  bicarbonate  (  ) 
)    Calcium  sulfate  (  ) 
)    Ferric  oxide  (  ) 
)    Silicic  acid  (  ) 
)    Magnesium  sulfate  (  ) 

—  STOP  — 

Before  proceeding  any  further  have  the  instructor  check  your  answers. 

  Instructor's  initials 
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a. 

Mg(S04) 

b. 

Na(OH) 

c. 

Ca(C03) 

d. 

H2(S04) 

e. 

H(N03) 

f . 

Ca(S04) 

g* 

K(OH) 

h. 

Ca(0H)2 

1. 

H2Si03 

J. 

Mg(0H)2 

k. 

Pe203 

1. 

H2(C03) 

m. 

NaCl 

n. 

Ca(HC03)2 

o. 

HCl 
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3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  Air  Force  Base»  Texas 


PC  J3ABK56631  000-II-3C 
June  1986 


P51INCIPLES  OP  CHEMISTRY 


OBJECTTVK: 


Given  a  list  of  ten  compounds  write  formulas  describing  each  compound.    Seven  of 
the  10  formulas  must  be  correct. 

REFBRRNCE/  MATI^KI  Ah/  EQU I PMKNT : 
SW  J3ABR56631  OOO-II-l  thru  7 
INSTRUCTIONS: 

1.  This  progress  check  consists  of  10  items.    You  must  solve  7  items  correctly  to 
rffCeive  a  satisfactory  rating. 

2.  When  you  have  completed  the  progress  check,  return  it  to  your  instructor. 

3.  If  you  have  no  questions,  start  your  progress  check. 


Using  a  list  of  common  ions,  write  the  formulas  for  the  following  components.  Be 
sure  to  Include  syoibols,  subscripts,  and  valences. 

1.  Sodium  Bicarbonate  .  

2.  Calcium  phosphate   

3.  Magnesium  hydroxide  

4.  Hydrogen  chloride   

r>.      Hydrogon  phosphate  

6.  Potassium  sulfite   

7.  Aluminum  phosphate   

8.  Calcium  oxide   

9.  Ferric  chloride   

10.  Ferric  sulfate  


~  STOP  — 

Before  proceeding  any  further  have  the  instructor  check  your  answers. 

Instructor's  Initials 
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3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  Air  Force  Base,  Texas 


PC  J3ABR56631  000-II-3d 
June  1986 


PRINCIPLES  OF  CHEMISTRY 

OBJECTIVE: 

Given  five  sets  of  reactants,  write  balanced  chemical  equations.    Three  of  the  five 
must  be  correct. 

REFEHENC  E/ MATERIAL/ EQU I PMENT : 
SW  J3ABR56631  OOO-II-l  thru  7 
INSTRUCTIONS: 

1.  This  progress  check  consists  of  5  items.    You  must  solve  3  items  correctly  to 
receive  a  satisfactory  rating. 

2.  When  you  have  completed  the  progress  check,  return  it  to  your  instructor. 

3.  If  you  have  no  questions,  start  your  progress  check. 

niRECTIONS: 

Using  a  list  of  common  ions,  balance  the  following  double-displacement  equations. 
Be  sure  to  include  all  symbols,  subscripts,  co-efficients  and  valences. 

1.  Calcium  hydroxide  -i-  sulfuric  acid  — -> 

 +  ~>  +  

2.  Sodium  sulfate  +  zinc  nitrate  — > 

  +    ~>   +  ■  

3.  Aluminum  sulfate  +  Calcium  hydroxide  — > 

 +  ,  „  —>   +  

4.  narium  hydroxide  -i-  sulfuric  acid  — > 

 +   ~>  +  

5.  Copper  sulfate  *  sodium  chloride  — > 

 +  ~>  + 


STOP  — 

Before  proceeding  any  further  have  the  instructor  check  your  answers. 
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3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  Air  Force  Base,  Texas 


PC  J3ABI156631  000-II-4a 
June  1986 


LABORATORY  SAFETY 


OBJECTIVE: 


Given  information  pertaining  to  laboratory  chemicals »  identify  the  statements 
pertaining  to  their  use  and  care  as  true  or  false.  Three  of  five  answers  must  be 
correct, 

REF  BRENC  E/ MATER I AL/ EQU I PMENT : 
None 

INSTRUCTIONS: 

1.  This  progress  check  consists  of  5  items.  You  must  get  3  itnms  correct  to  receive  a 
satisfactory  rating. 

2.  When  you  have  completed  the  progress  check,  return  it  to  your  instructor. 

3.  If  you  have  no  (.questions »  start  your  progress  check. 


2.  It  is  ok  to  use  chemicals  in  the  lab,  that  are  not  labeled,  if  you  know  what 
they  are. 

3.  If  a  chemical  is  spilled  on  your  arm,  you  should  immejdiately  wash  it  off. 

4.  Never  mix  chemicals  at  random. 

5.  Sometimes  you  may  need  to  taste  a  chemical  to  help  identify  it. 


DIRECTIONS : 


Mark  the  following  statements  either  true  (T)  or  false  (F). 


1. 


You  should  always  add  acid  to  water  instead  of  water  to  acid. 


~  STOP  — 


!^fore  proceeding  any  further  have  the  instructor  check  your  answers. 


Instructor's  Initials 
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3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  Air  Force  Base,  Texas 


OBJKCTIVK: 


PC  J3ABK5G631  000~II-^b 
June  1986 


LABORATORV  SAFETY 


Given  a  list  of  10  statements  pertaining  to  the  use  and  care  of  laboratory 
equipment,  match  the  identifying  statements  to  the  correct  piece  of  equipment.    Seven  of 
the  ten  answers  must  be  correct. 

RKPKRRNCfi/  MATBRI AL/  EQU I  PMEffT : 
None 

INSTRUCTIONS: 

1.  This  progress  check  consists  of  10  items.     You  must  solve  7  items  correctly  to 
receive  a  satisfactory  rating. 

2.  When  you  have  completed  the  progress  check,  return  it  to  your  instructor. 

3.  If  you  have  no  questions,  start  your  progress  check. 
DIRECTIONS: 

Place  the  letter  indicating  the  correct  term  in  the  space  preceding  the  statement 
in  Column  I. 


COLUm  I 

!•      (     )    Used  to  transfer  exact  quantities  of 
liquid  reagents. 

2.  (    }     'sed  to  evaporate  water  samples  under 

controlled  conditions. 

3.  (    )    Used  to  volatize  organic  matter. 

4.  (    )    May  be  used  as  a  container  when 

heating  samples  over  a  burner. 

5.  (     )    Used  to  heat  samples. 

B.      (    )    Used  to  measurae  temperature. 

7.      (     )    Used  to  W()igh  samples  during 
gravimetric  analysis. 

H.      (    )    Container  in  which  "solids"  samples 
are  placed  to  cool. 

9.  (     )    Used  to  measure  exact  volume  of  dry 

powder. 

10.  (    )    Container  for  sample  which  is  swirled 

during  titration, 

~  STOP  — 

Before  proceeding  any  further  have  the  instructor  check 


COliUMN  [[ 

a.  Bunsen  burner 

b.  Pipette 

c.  Dessicator 

d.  Erlenmeyer  flask 

e.  Steam  bath 

f.  Evaporating  dish 

g.  Analytical  balance 

h.  Thermometer 

I.  Chemical  dipper 

J.  Muffle  furnace 


your  answers. 

Instructor ' s  Initials 
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3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  Air  Force  Base,  Toxas 


PC  J3ABR56631  000-II-5a 
June  1986 


COLLECT  WATER  AND  WASTEWATER  SAMPLES 


OBJECT I VK: 


Ciiven  information,  the  appropriate  sampling  device,  and  a  maximum  of  one  instructor 
assist,  collect  and  label  a  water  sample  to  test  for  various  impurities. 


INSTRUCTIONS: 

!•  This  progress  check  consists  of  two  performance  items.  You  must  perform  both  items 
correctly  co  receive  a  satisfactory  rating. 

2.  You  are  authorized  a  maximum  of  one  instructor  assist. 

3.  Your  instructor  will  monitor  your  performance  on  item  1. 

4.  When  you  have  completed  this  progress  check,  report  to  your  instructor. 

5.  If  you  have  no  questions,  start  your  progress  check* 
DIRKCTIONS: 

Using  the  following  checklist,  collect  and  label  a  water  sample  from  a  given 
source,  which  could  be  used  to  test  for  dissolved  gases.     The  sample  will  be  taken  from 
an  area  designated  by  the  Instructor. 

1.  Collect  the  sample 

a.  Obtain  a  clean  water  sample  bottle  from  the  lab. 

b.  Go  to  the  sampling  point  designated  by  the  instructor* 

c.  Open  the  tap  and  allow  water  to  flow  long  enough  to  draw  water  from  the  main 
before  you  collect  the  sample* 

d.  Rinse  the  sample  container  with  water  from  the  tap. 

e.  Attach  a  rubber  hose  to  the  tap  and  let  water  flow  until  all  air  is  removed 
from  the  hose. 

f.  Place  end  of  hose  near  the  bottom  of  sample  bottle  and  using  a  slow,  steady 
flow,  fill  sample  bottle  to  overflowing. 

g.  Turn  off  tap  and  immediately  cap  sample  bottle. 

2.  Label  sample  giving  the  following  information. 

a.  Name  of  collector. 

b.  Date  sample  collected 

c.  Temperature  of  sample* 

d.  Place  sample  was  taken  at. 
n*  Type  of  analysis  needed. 


REPERENC  E/ MATRRI AL/ EQUI PMENT : 


Lab  station 
Misc.  Glassware 


Rubber  Hose 

3"  X  5"  Index  Card 


—  STOP  ~ 


Before  proceeding  any  further  have  the  inb^ructor  check  your  answers* 
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377u  Technical  Training  Croup  PC  J3ABR56631  000-II-5b 

Civil  Engineering  Training  June  1986 

Sheppard  Air  Force  Base,  Texas 

COLLECT  WATER  AND  WASTEWATER  SAMPLES 

OBJECTIVE: 

Using  given  information  and  a  maximum  of  one  instructor  assist^  list  the  procedures 
for  collecting  a  sample  of  vastevater  and  a  sample  of  sludge. 

REFERENCE/ MATERIAL/ EQUIPMENT: 

AFM  91-.32 

INSTRUCTIONS: 

1.  This  progress  check  consists  of  3  items.    You  must  solve  each  item  correctly  to 
receive  a  satisfactory  rating. 

2.  You  are  authorised  a  maximum  of  one  instructor  assist. 

3.  When  you  have  completed  the  progress  check »  return  it  to  your  instructor. 

4.  If  you  have  no  questions,  start  your  progress  check. 
DIRECTIONS: 

Using  paragraph  16.1.6  and  table  16-1  in  AFM  91-32»  correctly  list  the  procedures 
used  to  collect  and  label  a  wastewater  sample. 

1.      Collect  the  sample. 

a. 

b. 


d. 


f. 

^.      Label  the  sample. 

ft 

a. 
b. 
c. 
d. 

—  STOP  — 

Before  proceeding  any  further  bave  the  Instructor  check  your  answers. 
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Instructions:  Using  Information  from  your  study  guide,  list  the  procedures  used  to 
collHct  a  sludge  sample  from  an  anaerobic  digestor. 

1. 


2. 
3. 
4. 


~  STOP  — 

Before  proceeding  any  further  have  the  instructor  check  your  answers. 
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3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  Air  Foree  Base,  Texas 


PC  J3ABR566:n  OOO-II-Sa 
June  1986 


WATRR  ANALYSIS 

OBJECTIVE 

Using  appropriate  laboratory  equipment  and  testing  procedures  test  various  samples 
of  water  for  pH,  temperature  and  specific  conductance.     No  more  than  one  Instructor 
a.ssLst  Is  allowed  for  each  test. 

RRFBRKNCE/MATERIAL/EQUIPMENT: 

pH  meter  Lab  manual  Misc.  Glassware  Water  Samples 

Thermometer  Specific  Conductance      Meter  Lab  Station 

pH  buffer 

INSTRUCTIONS: 

1.  This  progress  check  consists  of  3  laboratory  tests.    You  must  perform  each  test 
correctly  to  receive  a  satisfactory  rating. 

2.  When  you  have  completed  the  progresfi  check,  return  It  to  your  instructor. 

3.  If  you  have  no  questions,  start  your  progress  check. 

DIRECTIONS: 

Test  various  samples  of  water  for  pH,  temperature,  and  specific  conductance.  Use 
the  Information  given  below  and  record  your  answers.     Be  sure  to  follow  all  safety 
precautions. 

1.  pH 

To  run  a  pH  test  follow  the  instructions  on  pages  17-19  in  your  lab  manual. 
pH  of  sample  -  

2.  TEMPERATURE 

To  test  for  temperature  follow  the  instructions  on  page  31  of  your  lab  manual. 
Temperature  of  sample  =     

3.  SPECIF  EC  CONDUCTANCE 

To  test  for  specific  conductance  follow  the  instructions  on  page  28  in  the  lab 
manual • 

Specific  conductance  of  sample  ■   


—  STOP  — 

Hefore  proceeding  any  further  have  the  instructor  check  your  answers. 
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3770  Technical  Training  Group  PC  J3ABft56631  000-II-6b 

Civil  Engineering  Training  June  1986 

Sheppardl  Air  Force  Base,  Texas 

WATER  ANALYSIS 

OBJECTIVK: 

Given  information,  laboratory  equipment,  and  various  water  samples,  test  the 
samples  for  chlorine  residual,  turbidity,  iron,  and  fluorides.    No  more  than  one 
Instructor  assist  is  allowed  for  each  test. 

REFKRENCfi/  MATERIAL/ EQUIPSIENT : 

Hach  DR-3000  Spectrophotometer  Hach  Turbidity  Meter 

Hach  DR-3000  Spectrophotometer  Instrument  Manual  Water  Samples 

Lab  Manual  Wise  Reagentr 

Lab  Station  Wise  Glassware 

ffiter  Station 

INSTRUCTIONS: 

1.  This  progress  check  consists  of  4  laboratory  tests.    You  must  perform  each  test 
correctly  to  receive  a  satisfactory  rating. 

2.  You  are  allowed  one  instructor  assist. 

3.  When  you  have  completed  the  progress  check,  return  it  to  your  instructor. 

4.  If  you  have  no  questions,  start  your  progress  check. 
DIRECTIONS: 

Test  various  samples  of  water  for  chlorine  residual,  turbidity,  iron,  and  flourlde. 
Use  the  information  given  below  and  record  your  answers.    Be  sure  to  follow  all  safety 
precautions. 

1.  CHLORINE  RESIDUAL 

To  run  a  chlorine  residual  test  folow  the  instructions  in  Part  3,  Test  Procedurcjs 
of  HACH  DR/3000  Spectrophotometer  Instrument  Manual. 

Chlorine  residual  ■    ppm 

2 .  IRON 

To  test  for  iron  follow  the  instructions  in  Part  3,  Test  Procedures  of  HACH  DR/3000 
Spectrophotometer  Instrument  Manual. 

Iron  »    ppm 

3.  PLOURIDE 

To  test  for  flour ide  follow  the  instructions  in  Part  3,  Test  Procedures  of  HACH 
DR/3000  Spectrophotometer  Instrument  Manual. 

Flouride  «  ppro 

4.  TURBIDITY 

To  test  the  turbidity  of  a  sample,  follow  the  directions  in  your  lab  manual  pages 
34  and  35  for  a  Hach  Turbidity  Meter  Model  2100A. 

Turbidity  -  NTU 

—  STOP  — 

Before  proceeding  any  further  have  the  instructor  check  your  answers. 
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3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  Air  Force  Base,  Toxas 


PC  J3ABR56631  000-II~6c 
wune  1986 


FATEf  ANALYSIS 

OBJECTIVE: 

Given  laboratory  equipment,  HACH  DR-3000  spectrophotometer  methods  manual  and  a 
water  sample,  test  the  sample  for  true  color,  with  no  more  than  one  instructor  assist. 

REFERENCE/ MATERIAL/ EQUIPMENT : 

HACH  rH-3000  Spectrophotometer  Misc.  Glassware 

HACH  DR-3000  Spec torpho tome ter  Instrument  Manual         Lab  station 
Water  Samples 

INSTRUCTIONS: 

1.  This  progress  check  consists  of  1  laboratory  test  item.  You  must  perform  test  item 
correctly  to  receive  a  satisfactory  rating. 

2.  You  are  allowed  one  instructor  assist. 

3.  When  you  have  completed  the  progress  check,  return  it  to  your  instructor. 

4.  IC  you  have  no  questions,  start  your  progress  check. 

niRRCTIONS: 

Test  a  water  sample  for  color  using  the  information  in  the  DR/3000 
Spectrophotometer  Manual.    Disregard  the  instructions  for  filtering  the  sample  in  steps 
^3  and  4  of  the  procedure.    Record  your  answer  beXow. 

Color  ■  color  units 


„  STOP  — 

Before  proceeding  any  further  have  the  instructor  check  your  answors. 
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3770  Technical  Training  Group  PC  J3ABR56631  000-II-6d 

Civil  Engineering  Training  June  1986 
Sheppard  Air  Force  Base,  Texas 

WATER  ANALYSIS 


OBJECTIVE: 

Given  information,  laboiratory  equipment,  and  various  water  samples^  test  the 
samples  for  hardness,  acidity  and  alkalinity*    No  more  than  twc  instructor  assists  are 
allowed • 

REFKRENC  K/  MATER  I AL/  EQU I PIIENT : 

Lab  Station  Misc  Reagents 

Misc  Glassware  Lab  Manual 

Water  samples 

INSTRUCTIONS: 

1*      This  progress  check  consists  of  3  laboratory  tests*    You  must  perform  them 
correctly  to  receive  a  satisfactory  rating* 

2*      You  are  authorized  two  instructor  assists  for  each  test* 

3*      When  you  have  completed  the  progress  check,  return  it  to  your  instructor* 

4*      If  you  have  no  questions,  start  your  progress  check* 

niRECTIONS: 

Test  various  samples  of  water  for  hardness,  alkalinity,  and  acidity*    Use  the 
information  given  below  and  record  your  answers*    Be  sure  to  follow  all  safety 
precautions* 

1  *  HARDNESS 

To  run  a  hardness  test  follow  the  instructions  on  pages  13  and  14  of  your  lab 
manual  * 

Total  Hardness  «   ppm 

Ca  Hardness  *  ppm 

iig  Hardness  »  ppm 

2.  ACIDITY 

To  run  an  acidity  test  follow  the  instructions  on  pages  1  and  2  of  your  lab  manual* 

PMA  »  mg/L 

Total  Acidity  -  mg/L 

3*  ALKALINITY 

To  run  an  alkalinity  test  follow  the  instructions  on  pages  3  thru  5  in  your  lab 
manual  * 

P  Alkalinity  -    n^/L 

M  Alkalinity  -  mg/L 

—  STOP 

Before  proceeding  any  further  have  the  instructor  chuck  your  answers* 
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3770  Technical  Training  Group 
Civil  Engineering  Training 
S>xeppard  Air  Force  Base,  Texas 


PC  J3ABK56631  000-II-6e 
June  1986 


WATER  ANALYdlS 

OBJECTIVE: 

Given  the  types  of  phosphate  compounds  and  a  list  of  statements  pertaining  to 
phosphates,  match  each  type  of  compound  to  the  statements*    Three  out  of  five  statements 
must  he  correct. 

REFERENCE/  MATER  I AL/  EQU I PIIENT : 
None 

INSTRUCTIONS: 

1.  This  progress  check  consists  of  5  Items.    You  must  solve  each  Item  correctly  to 
receive  a  satisfactory  rating. 

2.  When  you  have  completed  the  progress  check,  return  It  to  your  Instructor. 

3.  If  you  have  no  questions,  start  your  progress  check. 

DIRECTIONS: 

Match  the  correct  answer  In  Column  I  to  the  statement  In  Column  II.     Each  answer 
may  be  used  once»  more  than  once,  or  not  at  all. 

COLUMN  I  COLUMN  II 

a.  Ortho  -  phosphates  1.    Used  to  stabilize  water. 

b.  Poly  -  phosphates  2.    Must  be  boiled  because  they 

can  not  be  measured  directly. 

3.    May  be  used  to  soften  water. 

4.    Can  be  measured  using  the 

clorlmeter  raethod. 

5.    Are  considered  contaminates  In 

wastewater  because  they  cause 
aging  In  receiving  waters. 


—  STOP  — 

Before  proceeding  any  further  have  the  Instructor  check  your  answers. 
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3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  Air  Force  Base,  Texas 


PC  J3ABR566:]l  000-II-6f 
June  1986 


WATER  ANALYSIS 

OBJECTIVE: 

Given  five  incomplete  statements  concerning  chloride  compounds,  complete  the 
statements  as  they  pertain  to  the  compound  type,  source  and  testing  procedures.  Three 
of  the  five  completed  statements  must  be  correct. 

REFERENCE/MATERIAL/ EQUIPCENT: 
None 

INSTRUCTIONS: 

1.  This  progress  check  consists  of  5  iters.    You  must  solve  3  items  correctly  to 
receive  a  satisfactory  rating. 

2.  When  you  have  completed  the  progress  check,  return  it  to  your  InHlructor. 

3.  If  you  have  no  questions,  start  your  progress  check. 

DIRECTIONS: 

Complete  each  statement  so  that  it  will  state  a  correct  fact  about  chlorides. 

1.  EPA  recommends  that  if  chlorides  exceed    ppra  they  should  be  removed. 

2.  Excessive  amounts  of  chlorides  will  cause  the  water  to  taste   . 

3.  We  uso  the  .  method  of  testing  to  to  test  for  chlorides. 

4.  A  sudden  increase  of  chlorides  in  drinking  water  may  indicate   

5.  The  most  common  forms  of  chlorides  in  drinking  water  are  ,   , 

and 


STOP 

Before  proceeding  any  further  hcve  the  instructor  check  your  answers. 
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3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  Air  Force  Base,  Toxas 


PC  J3ABR56631  000-II-7a 
June  1986 


WASTEWATRH  ANALYSIS 


OBJECTIVE : 


Given  information,  laboratory  equipment,  and  a  wastewater  sample,  test  the  sample 
for  Settleable  Solids.    No  more  than  two  instructor  assists  are  allowed, 

RRPKKENCE/ MATER lAL/ EQU I PUENT : 


INSTRUCTIONS: 

1.  This  progress  check  consists  of  a  laboratory  test.    You  must  perform  this  test 
correctly  to  receive  a  satisfactory  rating. 

2.  You  are  authorized  two  instructor  assists. 

3.  When  you  have  completed  the  progress  check,  return  i';  to  your  instructor. 

4.  If  you  have  no  questions,  start  your  progress  check. 

DIRECTIONS: 

Follow  the  directions  on  page  22  in  your  lab  manual  and  test  a  wastewater  sample 
for  settleable  solids. 


STOP  — 

Before  proceeding  any  further  have  the  instructor  check  your  answers. 

  instructor's  Initials 
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3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  Air  Force  Base,  Texas 


PC  J3ABR56631  000-II-7b 
June  1986 


WASTEWATER  ANALYSIS 


OBJECTIVE : 


Given  information,  laboratory  equipment,  and  a  sludge  sample,  perform  Total  Solids 
and  volatile  Solids  test.    No  more  than  two  instructor  assists  are  alleged  for  each 
test. 


REFRHENCE/ MATERIAL/ EQUI PMKNT : 


INSTRUCTIONS: 

1.  This  progress  check  consists  of  3  laboratory  tests.    You  must  perform  each  test' 
correctly  to  receive  a  satisfactory  rating. 

2.  You  are  allowed  two  instructor  assists  for  each  test. 

3.  When  you  have  completed  the  progress  check,  return  it  to  your  instructor. 

4.  If  you  have  no  questions,  start  your  progress  check. 

DIRECTIONS:  1 


Follow  the  directions  on  pages  25,  26,  and  27  in  your  lab  manual  and  test  a  sludge 
sample  for  total,  fixed,  and  volatile  solids. 


Wastewater  Samples 
Lab  Station 
Analytical  Balance 
Drying  Oven 


Muffle  Furnace 
Dessicator 
Misc  Glassware 
Lab  Manual 


I 


mg/L  total  solids 


mg/L  fixed  solids 


mg/L  volatile  solids 


—  STOP  — 


Before  proceeding  any  further  have  the  instructor  check  your  answers. 
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3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  Air  Force  ifte.se,  Texas 


PC  J3ABR56631  000-II-7C 
June  1986 


WASTEWATER  ANALYSIS 

OBJECTIVE: 

Given  information,  laboratory  equipinent,  and  a  wastewater  sample,  test  the  sample 
for  Suspended  Solids.    No  more  than  two  instructor  assists  are  allowed. 

REPKRENCE/MATERIAL/ EQUIPMENT: 

Wastewater  Samples  Lab  Manual 

Misc  Glassware  Vacuum  Flask 

Lab  Station  Vacuum  Pump 
Analytical  Balance 

INSTRUCTIONS: 

1.  this  progress  check  consists  of  one  laboratory  test.    You  must  correctly  perform 
this  test  to  receive  a  satisfactory  rating. 

2.  You  are  allowed  two  instructor  assists. 

3.  When  you  have  completed  the  progress  check,  return  it  to  your  instructor. 

4.  If  you  have  no  questions,  start  your  progress  check. 

DIRECTIONS: 

Follow  the  directions  on  pages  23  and  24  in  your  lab  manual  and  test  a  wastewater 
sample  for  suspended  solids. 

    mg/L  suspended  solids 


—  STOP  — 

Before  proceeding  any  further  have  the  instructor  check  your  answers. 
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3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  Air  Force  Base,  Texas 


PC  J3ABR56631  000-II-7d 
June  1986 


WASTEWATER  ANALYSIS 

OBjECTIVfi: 

Complete  four  statements  concerning  the  test  for  Collform  Bacteria,    Three  of  the 
four  statements  roust  be  correct, 

REF  ERENC  E/ MAT  ER I AL/ EQU I PMENT : 
None 

instructions: 

1.  This  progress  check  consists  of  4  Items.    You  must  solve  3  Items  correctly  to 
receive  a  satisfactory  rating. 

2.  When  you  have  completed  the  progress  check*  return  It  to  your  Instructor. 

3.  If  you  have  no  questions,  start  your  progress  check. 

DIRECTIONS: 

Complete  each  of  the  following  statements  concerning  the  collform  test. 

1.  Whnn  testing  for  collform  bacteria  you  must  be  sure  to  use  sample 

bottles. 

2.  The  multiple-tube  fermentation  method  Is  based  on  the  appearance  of   ^ 

  In  small  vials  or  tubes. 

3.  Test  results  for  the  multiple  tube  fermentation  method  are  expressed  as  a   

    Index. 

4.  If  conforms  are  present,  they  are  an  Indicator  of  possible  

contamination. 


—  STOP  — 

Before  proceeding  any  further  have  the  Instructor  check  your  answers. 
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3770  Technical  Training  Group 
Civil  Rnglneerlng  Training 
Sheppard  Air  Force  Base,  Toxas 


PC  J3ABlt56631  000-II-7e 
June  1986 


WASTEWATER  ANALYSIS 


OBJECTIVE : 


Glvon  Information,  laboratory  equipment,  and  a  vastevater  sample^  perform  a 
Biochemical  Oxygen  Demand  test.    No  more  than  two  Instructor  assists  are  allowed. 

HEPKRBNCE/ MATERIAL/ EQUIPMENT: 


INSTRUCTIONS: 

1.  This  progress  check  consists  of  2  laboratory  tests.  You  must  correctly  perform 
each  test  to  receive  a  satisfactory  rating. 

2.  You  are  alloweH  two  Instructor  assists. 

3.  When  you  have  completed  the  progress  check,  return  It  to  your  Ini^tractor . 

4.  If  you  have  no  questions,  start  your  progress  check. 

DIRECTIONS: 

Follow  the  directions  on  pages  6,  7,  8,  and  9  In  your  lab  manual  and  test  a 
wastewater  sample  for  dlHSolved  oxygen  and  BOD. 

DO  »    mr/L 

BOD  -  ,  mg/L 


Mlsc  Glassware 
Mlsc  Reagents 
Lab  Station 


Lab  Manual 
Incubator 

Wastewater  samples 


—  STOP  — 


Before  proceeding  any  further  have  the  Instructor  check  your  answers. 
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3770  Technli^al  Training  Group 
Civil  «ngln«ering  Training 
Sheppard  Air  Force  Base,  Texas 


PC  J3A»a5«(53l  00f)-IJ-7t 
Jun<»  UiH6 


WASTEWATER  ANALYSIS 

OBJECTIVE: 

Given  information  related  to  wastewater  analysis  and  five  facts  concerning  the 
purpose  of  Chemical  Oxygen  Demand  (COD)  testing  method,  match  the  facts  with  the 
Information,    Three  of  the  five  must  be  correct.  ^  wxin  tne 

IlKPKRENCB/lilATKRIAL/ EQUIPMENT: 
None 

INSTRUCTIONS: 

I*  This  progress  check  consists  of  5  items.  You  must  solve  3  items  correctly  to 
receive  a  satisfactory  rating.  c^i-^y  i»u 

2.  When  you  have  completed  the  progress  check,  return  it  to  your  instructor. 

3.  If  you  have  no  questions,  start  your  progress  check. 

DIRECTIONS: 

Match  the  statement  in  Column  II  to  the  statement  in  Column  I.    The  statements  In 
column  II  may  be  used  once,  more  than  once,  or  not  at  all. 


COLUMN  I 

COLUMN  II 

I.  ( 

) 

The  short  time  required  is 

a. 

The  strength  of  wastewater 

2.  ( 

) 

COD  measures 

b. 

Lower  than  BOD 

3.  ( 

) 

COD  readings  will  be 

c. 

A  disadvantage  of  COD 

4.  ( 

) 

A  reagent  used  In  the  COD  test  is 

d. 

Ferrous  ammonium  sulfate 

r>.  ( 

) 

COD  Is  measuraed  from  what  kind  of 

e. 

Composite 

sample 

f. 

Grab 

g* 

An  advantage  of  COD 

h. 

Higher  than  BOD 

i. 

Potassium  iodide 

J. 

The  strength  of  oxygen 

~  STOP  — 

Before  proceeding  any  further  have  the  Instructor  check  your  answers. 
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PREFACE 


This  manual  has  been  written  for  use  in  the  566X1.     Its  purpose  is  to  aid  you  in 
acquiring  the  basic  knowledges  and  skills  needed  to  perform  the  laboratory  tests  used  in 
water  and  wastewater  analyses. 

The  tests  and  procedures  used  in  this  manual  have  been  selected  from  several 
sources  and  modified  to  meet  classroom  conditions. 

For  specific  instructions  on  field  testing,  you  should  refer  to  Analysis of  Water 
and  Sewage,  by  Theroux,  Eldridge,  and  Mullman;  Standard  Methods  for  the  Examination  o"f 
Water  and  Wastewater ,  15th  ed.,  American  Public  Health  Association ;  manufacturer's' 
instructions';  or  other  authorized  laboratory  manuals. 

You  will  not  perform  every  test  listed  in  this  laboratory  manual.     You  will  do  only 
those  tests  that  fall  within  the  scope  and  proficiency  level  of  the  course  you  are 
attending • 
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GENERAL  LABORATORY  PROCEDURES 
The  following  procedures  are  applicable  to  all  laboratory  tests: 

1.     Observe  all  safety  rules  applicable  to  the  test  (see  Laboratory  Safety  Rules). 
2*     Select  chemicals  and  equipment  needed  for  the  test. 

3.  Clean  all  equipment  before  using-     NOTE:     Do  not  use  transfer  pipet  for  more  than 
one  reagent  unless  cleaned  before  each  use. 

4.  Collect  sample  as  needed  for  test. 

5.  Perform  the  test. 

6.  Compute  results* 

7.  Record  results.     NOTE:     Results  are  not  correct  unless  recorded  in  proper  units. 
3-  Clean  equipment  and  work  area. 

9.  Store  equipment  as  directed. 
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LABORATORY  SAFETY  RULES 

The  following  safety  rules  roust  be  observed  when  working  in  the  laboratory  or  during 
field  testing: 

1.  MeriT  and  use  necessary  safety  equipment.     NOTE:     Aprons  will  always  be  worn  while 
working  in  the  laboratory. 

2.  rlemove  jewelry  before  entering  laboratory  area. 

3.  N^VER  mix  chemicals  at  random. 

4.  Smell  chemicals  slowly. 

5.  Keep  work  area  clean  at  all  times « 

6.  Do  NOT  use  chemicals  or  reagents  which  are  not  properly  identified. 

7.  If  chemicals  are  spilled  on  you,  wash  immediately  with  water. 
NOTE:     If  hands  feel  slick  or  burn,  wash  them. 

S.  IV)  NOT  ust*  chip  pod  or  cracked  Riassware* 

9.  Do  NOT  heat  closed  containers. 

10.  Do  NOT  engage  in  horseplay. 

11.  Always  add  chemicals  to  water;  NEVER  ?dd  water  to  cheroicals. 

12.  Do  NOT  taste  cheroicals. 
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COLLECTING  AND  LABELING  WATER 
AND  WASTEWATER  SAMPLES 

The  following  questions  and  procedures  will  assist  you  in  learning  the  process  of 
collecting  and  labeling  water  and  wastewater  samples. 

QUESTIONS 

1.  What  Is  the  purpose  of  sampling? 

2.  Why  should  samples  be  labeled? 

3.  What  are  grab  samples? 

4-     What  Is  a  composite  sample? 

5.  What  areas  of  a  lake,   stream,  or  spring  should  be  avoided  when  collecting  water 
samples? 

6.  List  the  steps  required  to  collect  a  water  sample  from  a  lake. 
PROCEDURES 

1-     Collect  water  sample  for  laboratory  analysis.     Sample  will  be  taken  from  an  area 
designated  by  the  instructor. 

a.  Obtain  z  clear  300  mL  bottle  from  the  lab. 

b.  Go  to  sampling  point  designated  by  the  instructor  and  thoroughly  flush  the 
sampling  line. 

c.  Rinse  sample  bottle  thoroughly  with  water  to  be  tested. 

d.  Adjust  sampling  line  to  fill  container. 

e.  Using  a  slow,  steady  flow,  fill  sample  bottle  to  ove:rf lowing. 

f.  Turn  off  tap  and  immediately  cap  sample  bottle. 
L;.     Label  sample  giving  the  following  information: 

(1)  Name  of  collector 

(2)  Date  of  collection 

(3)  Sampling  point 
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(4)  Source  of  water 

(5)  Temperature  of  sample 

(6)  Type  of  analysis  needed 

h.     Take  sample  to  lab  for  testing  and  analysis. 

2.     Collect  ard  label  a  wastewater  sample  for  laboratory  test 

a.  Obtain  a  clean  wide  mouth  container  (1000  ML  beaker)  from  lab. 

b.  Obtain  a  precollected  sample  from  jar  located  in  refrigerator. 

c.  Label  sample,  giving  the  following  information. 

(1)  Name  of  collector 

(2)  Date  of  collection 

(3)  Place  sample  taken 

(4)  Source  of  water 

(5)  Temperature  of  sample 

(6)  Type  of  analysis  needed 

d-     Take  sample  to  lab  for  testing  and  analysis. 
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ACIDITY  TEST 


Purpose  of  Test:    To  determine  che  amount  of  free  mineral  acif'ity  (FMA)  and  total 
acidity  present  in  a  saiDpl<c». 

Method  of  Testing:     Volumetric  titration  using  color  indicators  to  determine  the  end 

point • 


Principles  of  Test: 

1.  Free  mineral  acids  in  a  water  solution  will  cause  a  pH  of  4.5  or  below. 

2.  In  the  absence  of  FMAs  or  after  their  removal,  the  weak  acid  will  cause  a  pH  above 
4.5  and  below  8.3. 

3.  Using  an  alkaline  ▼•eagent,  the  FMAs  are  neutralized.     Methyl  orange  is  used  as 

the  end  point  indicator.  The  weak  acids  are  then  neutralized,  using  phenolphthalein 
as  the  end  point  indicator. 

4.  The  basic  reactions  are  NaOH  +  H2SO4  Na2S04  +  HgO 
(FMA  neutralization)  and 


NaOH  +  H2CO3  NaHCOs  +  HgO  (weak  acid  nevtraiisation) . 


Equipment : 

1.  Buret 

2.  Graduated  cylinder 

3.  Erlenmeyer  flask 

Reagents: 

}.  0.02N  sodium  hydroxide 

2.  Methyl  orange  indicator 

3.  Phenolphtha)ein  Indicator 

4.  O.iN  sodium  thi03ulfate 

Procedure : 

A.     Free  mineral  acidity 

1-     For  comparison  purposes,  measure  50  mL  of  dlsvilled  water  into  another  Erlenmeyer 
flask  and  add  3  drops  of  methyl  orange.     This  :ls  a  straw  yellow  color.     This  straw 
yellow  is  the  endpoint  of  the  coming  titration.     Keep  this  flask  and  water  for 
comparison. 

2.  Measure  50  mL  of  the  sample  into  a  graduated  cylikider  and  pour  it  into  an  Erlenmeyer 
flask. 

3.  If  the  water  sample  contains  clorine  add  one  drop  of  sodium  thiosulfatc 
(Na2S203)   to  the  sample. 

4.  Add  three  drops  of  mf^thyl  orange  indicator.     If  the  sample  turns  straw  yellow 
there  is  no  acid  (FMA)  in  the  sample,  go  to  step  B  and  record  FMA  as  0  mg/L.  If 
the  sample  turns  pink  there  is  FMA.    Continue  the  test. 

5.  Fill  a  buret  with  .02N  NaOH. 

6.  If  the  sample  from  step  4  is  even  slightly  orange  or  pink,  titrate  with  the  .02N 
NaOH  while  stirring.     Titrate  over  a  sheet  of  white  paper  until  end  point  color 
of  straw  yellow  is  reached. 
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Read  the  buret  and  multiply  by  20  to  give  the  mg/L  of  FMA.  Save  this  sample 
for  tho  total  acidity  test  which  follows. 


FMA  =  20  X  mL  of  NaOH  titrant 


Record  the  mg/L  below: 


Special  Sample  FMA  = 


mg/L. 


Continue  costing  this  sample  below  Do  not  refill  the  buret  or  toss  the  sample 
away. 

Total  Acidity 

Add  3  drops  of  phonolphtha Icin  to  tho  water  sample  used  above. 

NOTE:     If  a  pink  or  orapp:e  color  appears,   the  total  acidity  and  tho  FMA  are  the 


If  no  color  change  appears,   titrate  further  -vith  NaOH  to  a  pink  or  an  orange 


same. 


color. 


Read  the  buret  and  multiply  the  mL  of  the  NaOH  used  by  20. 


Record  the  total  acidity 


Special  Saraplo  total  acidity 


mg/L. 


To  find  carbonic  acid  content  subtract  FMA  from  total  acidity. 


Carbonic  acid  content  = 


mg/L. 
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ALKALINITY 


Purpose  of  Test:     To  determine  the  amount  of  alkaline  compounds  in  a  sample,  the  acid 
neutralizing  capacity,  and  the  type  of  alkaline  anions  present. 

Mothod  of  Testing:     Volumetric  titration  using  pH  or  color  indicators  to  detormino  ond 

point. 

Principles  of  Test: 

1.     The  anions  which^normal ly  cause  alkalinity  in  water  arc  hydroxides  (OH)", 
carbonates  (003)""  and  bicarbonates  (HCO3)". 


2.     Due  to  the  ionization  constants  of  the  CO2  compounds  the  following  conditions 
^  exist: 

a.  Where  significant  hydroxides  (OH)"  exist,  all  CO2  would  be  in  the 
carbonate  (CO3)     form  and  no  bicarbonates  (HCO3)"  would  be  present. 

b.  In  the  absence  of  hydroxides  (OH)"  and  with  a  pH  above  8.3,  the  COo 
would  be  in  the  fonn  of  CO3 . 

c.  At  a  pH  of  8.3  all  CO2  is  (HCO3)". 

d.  Brtweon  pH  of  4.8  and  8.3,   the?  CO2  is  In  the  form  of  (IICOq)"  and 
H2(C03)   (Carbonic  acid). 

e.  At  or  below  a  pH  4.8,  all  CO2  is  in  the  form  of  carbonic  acid, 
H2(C03). 


3.     The  alkalinity  due  to  (OH)"  and  1/2  of  the  alkalinity  due  to  carbonates  is 

neutralized  with  0.02N  sulfuric  acid  at  a  pH  of  8.3.  This  amount  of  alkalinity 
is  computed  and  reported  as  "P"  alkalinity 


4.     The  remaining  1/2  carbonate  alkalinity  and  the  total  bicarbonate  alkalinity  is 
neutralized  at  a  pH  of  4.8,  and  the  total  amount  of  acid  Is  used  to  compute  the 
total  alkalinity 


5.     Tho  (OH)"  and  (nC03)"  alkalinity  is  computed  using  a  chart  hasod  on  the 
above  stated  conditions  and  their  relationship  to  "P"  and  *'M"  alkalinity. 

Equipment : 

1.  Buret 

2.  Graduated  cylinder 

3.  Erlenmeyer  flask  or  casserole 


Reagents : 

1.  0.02N  sulfuric  acid 

2 .  Phenolphthal ein  Indicator 

3.  Mixed  reagent 

4.  O.IN  sodium  thiosulfate 
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Procedure: 

1.  Measure  50  inL  of  the  sample  into  a  graduated  cylinder  and  pour  it  into  an 
Erlenmeyer  flask. 

2.  Add  1  drop  of  O.IN  sodium  thiosulfate  to  remove  residual  chlorine  and  to  prevent 
bleaching  of  the  indicators. 

3.  Add  3  drops  of  phenolphthalein  indicator. 

a.  If  the  sample  turns  pink  "P"  alkalinity  is  present.     Proceed  to  step  4. 

b.  If  the  sample  turns  clear,  no  "P'*  alkalinity  is  present.     Go  to  step  5  and 
record  mL  acid  for  "P"  as  0  and  proceed  to  step  6. 

4.  Titrate  with  0.02N  sulfuric  acid  until  pink  color  fades  away. 

5.  Record  ml.  acid  for  "P"  =  

6.  Add  3  drops  mixed  reagent  indicator. 

a.  If  the  sample  turns  light  pink-gray  with  bluish  cast,  "M"  alkalinity  is  the 
same  as  "P"  alkalinity.     Record  mL  acid  for  "M"  = 

Proceed  to  step  8.  " 

b.  If  the  sample  does  not  turn  light  pink-gray  with  bluish  cast  proceed  to 
step  7. 

7.  Continue  the  titration  until  the  sample  turns  light  pink-gray  with  bluish 
cast.     Record  mL  acid  for  "M"  =  . 

8.  Compute  and  record  "P"  and  "M"  alkalinity  as  follows: 

The  mL  acid  for  "P"  x  20  =    mg/L  "P"  alkalinity  as  CaCOs 

The  mL  acid  for  "M"  x  20  =    mg/L  "M"  alkalinity  as  CaCOa 

9.  Using  "P"  and  "M"  determined  and  relationship  table  below,  compute  and  record 
(OH)-,   (C03)=  and  (HCO3)-  alkalinity  of  sample. 

CONDITIONS  OF  HIiDRATE  CARBONATE  BICARBONATE 

ALKALINITY  (OH )  (CO3)''  (HCO3 ) 

P  =  0  0  0  M 

P  =  M  H  0  0 

P  =  1/21!  0  HO 

P  =  is  greater  than  1/2M  2P-M  2(M-P)  0 

P  -  is  less  than  1/2M  0  2P  M-2P 

a.  (OH)-  alkalinity  =  mg/L  as  CaC03 

b.  (CO3)*  alkalinity  «    mg/L  as  CaC03 

c.  (HCO3)-  alkalinity  =    mg/L  as  CaC03 
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BIO-CHEMICAL  OXYGEN  DEMAND  (BOD) 


Purpose  of  Test:     To  determine  the  oxygen  required  by  the  microscopic  orfjaniRrns  in  the 
sample  to  oxidize  the  organic  matter  in  a  sample. 

Method  of  Testing:     Analysis  before  and  after  incubation  to  determine  the  amount  of 

oxygen  present. 

Principles  of  Test: 
1 


2 . 


Aerobic  organisms  will  decompose  organic  material   in  wastewater  if  adequate 
dissolved  oxygen  is  present.     The  oxygen  used  will  be  proportional  to  the  material 
decomposed . 

Adequate  oxygen  is  insured  by  diluting  the  sample  with  special  water  saturated 
with  oxygen.     The  amount  of  dilution  depends  on  the  strength  of  the  sewage 
sample  as  follows: 

a.  Raw  sowage  -  2%  (20  mL-  per  1000  mL.  total  dilution) 

b.  Settled  sewge  -  3%  (30  mL.  per  1000  mL,  total  dilution) 

c.  Plant  effluent  -  5%  (50  mL.  per  1000  mL.  total  dilution) 

d.  Stream  sample  -  25  to  100%  (depending  on  condition  of  stream  (250  mL  per 
1000  mL  total  dilution) 

The  sample  is  incubated  at  20»C.  to  provide  uniform  conditions  for  bacterial 
growth  and  give  uniform  results  for  reporting. 

The  incubation  covers  5  days,  and  the  results  as  reported  imply  that  it  is  a  5  day 
BOD  unless  otherwise  stated.     The  5  day  BOD  actually  represents  68^  of  the  total 


BOD« 
Equipment : 


1.  Two  BOD  bottles 

2.  Graduated  cylinder  (100  mL) 

3.  Krlenmeyer  flask 

4.  Three  pipets 

5.  Buret 

6.  Incubator  at  20*C. 
Reagents 

1.  Dilution  water 

2.  Manganous  sulfate 

3.  Alkali  iodide  azide 

4.  Concentrated  sulfuric  acid 

5.  0.025N  sodium  thiosulfate 

6.  Starch  solution 

Pr oced ur es :    B^()^j_jrest_f or  Wastewater 

1.  Fill  two  300  mL  BOD  bottles  approximtely  half  full  with  dilution  water. 

2.  Add  wastewater  to  both  bottles: 

a.  For  "RAW"  sample  -  add  6  mL  (2%  dilution). 

b.  For  "SETTLED"  sample  -  add  12  mL  (4%  dilution). 

c.  For  "FINAL"  sample  -  add  24  mL  (8%  dilution). 
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Add  additional  dilution  water  until  bottle  is  filled  half  way  Into  ground  glass  area 
or  neck  (where  stopper  fits). 

Insert  glass  stoppers.     Make  sure  that  there  is  no  trapped  air  under  the  stopper. 
Confirm  water  seal  in  neck  of  BOD  bottle  to  prevent  air  from  entering  sample.  Cover 
top  of  BOD  bottle  with  plastic  cap. 

Place  one  sample  in  incubator  and  incubate  lor  5  days  at  20'C. 

Perform  the  DO  test  on  other  cample  (designate  test  results  as  '»D0  #1'*). 

After  5  days,  perform  DO  test  on  incubated  sample  (designate  test  results  as 
"DO  #2") . 

Calculate  mg/L  BOD  using  this  formula: 

DO  #1  -    DO  #2  

mg/L  BOD    -        aecimal  value  of  percent  difutld^n  used 
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DISSOLVKD  OXYGEN 


Purpose  of  Test:     To  determine  the  dissolved  oxygen  in  a  water  or  wastewater  sample. 


Method  of  Testing:     Volumetric  Titration. 


Principles  of  Tost: 

1.  Manganous  sulfate  reacts  in  an  alkaline  solution  to  form  manganous  hydroxide  (white 
precipitate  if  oxygen  is  absent). 

2.  Oxygen  will  react  with  the  manganous  hydroxide  to  form  a  brown  precipitate  of 
manganic  basic  oxide. 

3.  Upon  the  addition  of  sulfuric  acid,  the  brown  precipitate  dissolves  forming  manganic 
sul  fate. 

4.  The  manganic  sulfate  immediately  reacts  with  the  potassium  iodide  to  form  potassium 
sulfate  and  free  iodine.     The  iodine  released  is  proportional  to  the  D.O.   in  the 


5.     The  iodine  is  titrated  with  sodium  thiosulfate  as  the  reagent  and  starch  as  the  end 
point  indicator. 

Equipment : 

1.  BOD  bottle  (300  mL) 

2.  Three  pi  pets 

3.  Buret 

4.  Erlenmeyer  flask 

5.  Suction  bulb 

Reagents : 

1.  Manganous  sulfate 

2.  Alkali  iodide  azide 

3.  Concentrated  sulfuric  acid 

4.  0.025N  sodium  thiosulfate 

5.  Starch  solution 

Procedure : 

1.  Fill  BOD  bottle  with  sample.     Observe  rules  for  taking  sample  for  dissolved  r^ases. 

2.  Add  1  mL  manganous  sulfate.     NOTE:     Add  each  reagent  with  a  clean  pipet.     Hold  pipet 
tips  Just  above  liquid  surface  when  adding  reagents. 

3.  Add  1  mL  of  alkali  iodide  azide. 

4.  Stopper  bottle,  pour  off  excess  solution,  and  mix  contents  by  shaking  the  bottle. 
Allow  precipitant  to  settle  half  way. 

5.  Add  1  mL  concentrated  sulfuric  acid.     CAUTION:     Acid  is  dangerous.  Handle 
careful ly . 

6.  Stopper  bottle,  pour  off  excess,  mix  by  shaking  the  bottle  all  the  floe  is 
dissolved. 

7.  Measure  100  mL  of  the  treated  sample  in  a  graduated  cylinder  and  pour  into  an 
Erlc>nmeyer  flask. 

NOTE:     If  extreme  accuracy  is  ra^  ui  rod  see  Standard  Methods. 


sample . 
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8.  Titrate  n.ih  0.025N  sodium  thlosulfato  until  yellow  color  becomes  a  pale,  light 
yel low. 

9.  Add  a  few  drops  of  starch  solution.     Sample  will  turn  blue. 

10.  Continue  titration  to  the  first  disappearance  of  the  blue  color. 

11.  Read  buret  and  record:     Sodium  thlosulfato  usod  =  mL. 

12.  Compute  mg/L  as  follows: 

mL.   .sodium  thiosulfate  times  2  =  mg/L  D.O. 

13.  Record  results:     as  _  _  mg/L  D.O. 
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CHLORIDE 


Purpose  of  Tost:     To  determine  the  amojnt  of  chlorides  in  the  water. 

Method  of  Testing:     Selective  precipitation  by  volumetric  titration  using  the  formation 

of  insoluble  silver  chloride. 

Principles  of  Test: 

1.  At  a  pH  between  7  and  10  silver  nitrate  will  precipitate  the  chlorides  as  silver 
chloride. 

2.  Once  the  chlorides  are  precipitated,  a  slight  excess  of  silver  nitrate  will  react 
with  potassium  chroma te  (yellow  indicator)  to  precipitate  silver  chroma te  ^^ich  is 
red . 

3.  Due  to  the  presence  of  the  white  silver  chloride  precipitant,  the  yellow  potassium 
chroma te  and  the  red  silver  chroraate,  the  end  point  color  is  deteitnined  by  using  a 
distilled  water  blank. 

Equipment : 

1.  Graduated  cylinder 

2.  2  Casseroles 

3.  Buret 

4.  Stirring  rod 

Re agents: 

1.  Phenolphthal ein  indicator 

2.  0.0282N  silver  nitrate 

NOTE.     Silver  nitrate  should  be  standardized  daily  and  calculations  made 
accordingly. 

3.  O.IN  sulfuric  acid 

4.  O.IN  sodium  hydroxide 

5.  Potassium  chromate  indicator  solution 

Procedure : 

1.  Measui'o  50  mL  of  distilled  water  in  a  graduated  cylinder  and  pour  into  a  casserole. 

2.  Add  I  mL  of  potassium  chromate  indicator. 

3.  Titrate  with  silver  nitrate  until   a  reddish  color  develops.     Record  mL  of  reagent 

for  blank  _   .     Save  this  blank  for  determining  the  end  point  of  sample 

titrated. 

4.  Measure  50  mL  of  sample  in  a  graduated  cylinder  and  pour  into  a  second  casserole. 

5.  Add  2  drops  of  phenolphtalein  and  adjust  pH  as  follows: 

a.  If  sample  turns  pink  add  O.IN  sulfuric  acid  until  the  pink  color  fades  away  and 
continue  to  step  6. 

b.  If  sample  turns  clear  add  O.IN  sodium  hydroxide,  drop  at  a  time,  until  a  slight 
pink  color  develops  and  continue  to  step  6 

G.     Add  1  mL  of  potassium  chromate  indicator. 

7.  Titrate  with  silver  nitrate  reagent  until  color  similar  to  the  blank  is  reached. 
Titrated  sample  will  not  be  a  distinct  red,  it  will  be  pinkish  white  or  pinkish 
yellow. 

8.  Compute  results  as  follows: 

mg/L  chloride  »  mL  reagent  for  sample  -  mL  reagent  for  blank  X  20. 
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CHLORINE  RESIDUAL  TESTING  (DPD  METHOD) 


Purpose  of  Test:     To  determine  the  chlorine  residual  in  a  water  sample. 
Method  of  Testing:     Visual  color  comparison. 
Principles  of  Tost: 

1.     Chlorine  is  added  to  drinking  water,   swimming  pools  and  wastewater  to  kill  the 
harmful  bacteria.     The  chlorine  in  water  xs  "free  available  chlorine",  or  i t  can 
combine  with  nitrogen  compounds  to  form  "combined  chlorine."     "Total  chlorine 
residual"  is  the  total  of  free  available  and  ccmbinod  chlorine  residuals. 


2.     The  only  method  approved  to  determine  chlorine  in  a  water  sample  is  the  DPD  method. 
(N,  N-  Diethyl  -  p  -  Phenylcnediamine) . 


3.     At  a  pH  of  6.2  to  6.5  the  DPD  reagent  will  react  with  the  "free  available"  chlorine 

and  forms  a  red  color.     The  tint  or  shade  of  that  red  color  is  proportional   to  the 

amount  of  chlor:  ne  in  the  sample.     A  residual  of  less  than  4  mg/L  is  measured  this 
way.     Greater  than  4  mg/L  makes  a  yellow  color. 


Procedures  For  Hellige  Visual  Color  Comparator 
Eqv  i pment : 

1.  Hellige  Color  Comparator  which  includes: 

a.  Color  Comparator  (body) 

b.  DPD  Chlorine  disc 
c     Two  test  tubes 

2.  Small  beaker  for  sample 


Reagent : 

Hellige  DPD  Tablets  #1  and  #3  (in  box,   fo  il -wrapped ) . 


Procedure  A.     Freo  available  chlorine 

1.     Fill  the  left-hand  test  tube  to  10  mL  line  with  the  water  sample  to  be  analyzed. 
Rinse  the  right-hand  tube  with  part  of  the  sample  water  leaving  Just  enough  sample 
to  cover  the  tablet. 


2.     Add  one  (1)  DPD  #1  tablet  and  crush  it  using  a  plastic  stirring  rod. 


3.     Remove  the  stirring  rod.     Fill  the  test  tube  to  the  10  mL  line  with  more  sample 
water  and  mix  by  inverting  the  sample  tube  several   times  until   the  DPD  tablet  is 


4.     PU.ce  the  DPD  disc  in  the  comparator,  hold  the  unit  securely  and  rotate  the  disc  so 
that  each  standard  color  appears  in  the  viewer  or  sight  until  the  color  matches  or 
nearly  matches  the  color  of  the  water  sample  being  tested.     Read  the  number  in  the 
upper-right  .side  of  the  unit  to  record  the  mg/L  of  "free  available"  chlorine. 


dissol  ved . 
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Procedure  B      Total  Residual  Chlorino 

To  obtain  "total  residual  chlorine",  follow  procedure  A  for  "free  available 
chlorine"  using  DPD  tablet  #1  and  then  add  one  (1)  DPP.  tablet  ^3  to  the  sample  and 
read  the  ppm  as  in  the  previous  step. 

Record  your  results: 

Free  available  residual  _  mg/L 

Total  available  residual  _    _      _  mg/L 

PROCEDURE  FOR  HACK  VISUAL  CJOLOR  COMPARATOR 

Equipment 

1.  Hach  color  comparator  which  includes: 

a.  Color  comparator  (body) 

b.  DPD  color  disc 

c.  Two  test  tubes  and  caps 

2.  Fingernail  clippers 

t 

Reagent : 

1  DPD  -  "Free"  chlorine  powder  pillows,   for  5  mL  sample 
1  DPD  -  "Total"  chlorine  powder  pillows,  tor  5  mL  sample 

Procedure  A.     Free  available  chlorine 

1.  Fill  one  test  tube  with  clear  water  to  t^e  5-mL  mark  and  placfi  the  tube  in  the  too 
left  opening  of  the  comparator. 

2.  Fill  the  second  test  tube  with  the  water  sample  to  the  5-mL  mark. 

3.  Now  add  one  DPD  "Free  available"  chlorine  powder  pillow  contents  to  the  water  samplo 
to  be  measured.  Insert  the  rubber  cap  in  the  test  tube,  mix  the  sample  by  swirling. 
Place  the  tube  in  the  top  right  opening  of  the  comparator. 

4.  Hold  the  comparator  with  its  contents  up  to  a  lighted  area  and  view  through  the 
sight  or  opening  in  the  front  of  the  comparator.  Turn  the  color  disc  until  the 
colors  match. 

5.  IMPORTANT      Within  one  (1)  minute  read  the  mg/L  "free"  chlorine  reading  from  the 

scale  wiudow  at  the  bottom  center  of  the  comparator. 

Procedure  B.     Total  residual  chlorine 

1.  Fill  one  test  tube  with  clear  water  to  the  5-mL  mark  and  place  the  tube  in  the  top 
left  opening  of  the  comparator. 

2.  Fill  the  second  test  tube  with  the  water  sample  to  the  5-mL  mark. 
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3.  Nov;  add  one  DPD  "total  chlorine"  powder  pillo-w  contents  to  the  water  sample  to  be 
measured.     Insert  the  rubber  cap  in  the  test  tube,  mix  the  sample  by  swirling  and 
let  stand  for  three  (3)  minutes.     Then  place  the  test  tube  in  the  top  right  opening 
of  the  comparator. 

4.  Hold  the  comparator  with  its  contents  up  to  a  lighted  area  and  view  through  the 
sight  or  opening  in  the  front  of  the  coraparEtor.  Turn  the  color  disc  until  the 
colors  match  -  read  the  mg/L  total  chlorine  from  the  scale  window. 


Record  your  results: 

Free  available  residual  mg/L 


Total  availablo  residual   _  mg/L 


NOTE:     The  test  procedures  for  chlorine  using  the  Hach  visual  color  comparator  can 
be  found  on  the  inside  lid        the  Hach  kit. 


prcx:edures  for  hach  colorimeter 


Equi  pment 

1.  Hach  DR  "Direct  Reading"  Colorimeter  unit  which  includes: 

a.  Colorimeter  body  with  percision  working  components 

b.  Sample  cell 

c     Insortable  meter  scales 
d.     Color  filters 

2.  Cutting  tool  (knife,   scissors,   fingernail  clipper) 


Roij^^ont ! 

1  DPD  -  Free  Chlorine  Reagent  Powder  Pillows,   for  25  mL  sample 
1  DPD  -  Total  Chlorine  Reagent  Powder  Pillows,   for  25  mL  sample 


Procedure: 

Instructions  for  perfoming  both  "Free"  and  "Total"  chlorine  residual  for  the  Hach 
colorimeter  are  found  in  the  manufacturer's  manual  located  in  your  lab  station  drawer. 
Use  this  manual   to  perfom  the  chlorine  tests. 

Record  your  results: 

Free  available  residual  _  mg/L 


Total    available  residual  _  mg/L 
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HARDNESS  (EDTA) 


Purpose  of  Test:     To  determine  the  total  a-nount  of  hardness  as  CaC03  equivalent,  that 
portioQ  caused  by  Ca  and  Mg. 


Method  of  Testing:     Volumetric  titration  with  EDTA  to  form  complex  Ca  and  Mg  compounds. 

Organic  dyes  are  used  as  end  point  indicators. 


Principles  of  Test: 

1.  In  a  buffered  solution,  using  "Total  Hardness  Buffer,"  Ca  and  Mg  will  caui^e  a  "Total 
Hardness  Indicator"  dye  to  give  a  red  color  :,o  '  »*e  solution. 

2.  EDTA  added  to  solution  will  form  a  complex  ion  with  the  Ca  and  Mg  and  a  slight 
excess  of  EDTA  will  turn  the  solution  blue. 

3.  In  a  solution  buffered  with  "Calcium  Buffer"  the  Mg  is  rendered  inactive  and  the 
EDTA  plus  Ca  will  cause  "Calcium  Hardness  Indicator"  dye  to  turn  pink. 

4-     EDTA  added  to  this  solution  will  form  a  complex  ion  with  Ca  and  a  slight  excess  will 
turn  the  solution  a  purple  color. 


Equipment : 

1-  Buret 

2.  Casserole 

3.  Graduated  cylinder 

4.  Pipet 

5.  Stirring  rod 
G.  Chemical  scoop 


Reagents : 

1.  0.02N  EDTA  Hardness  Solution 

2.  Total  hardness  buffer 

3.  Total  hardness  indicator 

4.  Calcium  hardness  buffer 

5.  Calcium  hardness  indicator 

Procedure  for  Total  Hardness: 

1.  Measure  50  mL  of  sample  and  transfer  to  a  casserole. 

2.  Add  1.0  mL  of  Total  Hardness  buffer  and  stir  to  mix. 

3.  Add  one  chemical  scoop  of  total  hardness  indicator  and  stir  until  dissolved. 

4.  Titrate  with  EDTA  to  a  blue  color  (end  point)  and  record  the  number  of  mL  of  EDTA 
used.     EDTA  for  total  hardness  =  mL 


Procedures  for  Calcium  hardness: 

5.  Measure  an  additional  50  mL  of  sample  and  transfer  to  a  clean  casserole. 

6.  Add  2  mL  of  calcium  buffer  solution. 

7.  Add  two  chemical  scoops  of  calcium  hardness  indicator  and  stir  until  dissolved. 
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8.     Titrate  with  EDTA  until  a  purple  color  (end  point)  is  reached  and  record  mL  of  EDTA 
used.     EDTA  for  calcium  hardness  -  mL 


9.     Compute  mg/L  Tota]  Hardness,  Calcium  Hardness  and  Magnesium  Hardness  as  follows: 

a.  The  mL  EDTA  for  Total  Hardness  X  20  =  mg/L 

Total  Hardness  as  CaC03. 

b.  The  mL  EDTA  for  Calcium  Hardness  X  20  =    mg/L 

Calcium  Hardness  as  CaCOs* 

c.  Total  Hardness  -  Calcium  Hardness  -   mg/L  Mg  Hardness. 
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JAR  TEST 


Purpose  of  Test:     To  determine  optimum  day  to  day  chemical  dosage  for  coagulnt"«on  and 

flocculation  of  a  wat<?r  supply  when  exporienco  or  a  series  of  similar 
tests  has  established  that  the  best  coagulant  is  ferric  chloride,  the 
optimum  pH  is  8.5  to  11,  and  that  soda  ash  is  the  best  source  of 
alkalinity. 

Method  of  Testing:     1/ial  Treatment. 

Principles  of  Test: 

1.  When  the  proper  coagulant,  optimum  pH,  and  source  of  alkalinity  for  a  given  water 
is  known,  the  changes  in  coagulant  dosage  to  meet  day  to  day  changes  in  the  water 
are  determined  by  adding  sufficient  alkalinity  and  progressive  amounts  of  coagulant, 
mixing,  and  observing  the  results  of  these  different  dosages. 

2.  In  this  test,   soda  ash  is  added  to  adjust  the  pH  of  6-one  liter  samples.  Then 
additional  soda  ash  is  added  to  each  sample,  in  proportion  to  the  amount  of  coagu-- 
lant  to  be  addri,  to  prevent  lowering  the  pH  when  the  coagulant  is  added. 

3.  Ferric  chloride  coagulant  is  added  to  each  of  the  samples  in  progressive  amounts  and 
mixed. 

4.  Mixing  time  and  rates  are  controlled  to  duplicate  the  conditions  of  the  plant  being 
used . 

5.  Tho  optimum  chemical  dosage  is  the  one  using  the  least  amount  of  chemicals  which 
will   produce  a  pinhead  size  floe  that  will  settle  in  30  minutes  leaving  a  turbidity 
of  less  than  10  NTUs  (will  appear  clear,  for  classroom  work). 

Equi  pment : 

1.  Six  one-liter  beakers 

2.  Graduated  cylinder  (1000  ml.) 

3.  Laboratory  stirrer 

4.  Pipet 

Reagents: 

1.  Phenolphthalein  indicator  solution 

2.  Standard  ferric  chloride  solution 

a.  Weigh  10  grams  of  ferric  chloride 

b.  Dissolve  in  1  liter  of  demineral izod  water 

c .  Shake  immediately 

d  Each  0.1  mL  of  this  solution  represents  a  dosage  of  1.0  mg/L  when  added  to  a 
one  liter  water  sample.  Each  1.0  mL  of  solution  represents  a  dosage  of  10.0 
mg/L  in  one  liter  of  sample. 

3.  Standard  soda  ash  solution  (follow  procedures  as  given  to  make  up  ferric 
chl orlde  solution) . 
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Procedure: 

1.  Determine  soda  ash  needed  for  pH  adjustment  as  follows: 

a.  Measuro  I  liter  of  sample  and  pour  it  into  beaker* 

b.  Add  5  drops  of  phonolphthal  ein. 

c     Add  soda  ash  solution  1  mL  at  a  time  until  sample  turns  dark  pink  or  red. 

d.     Record  mL  of  soda  ash  solution  used  for  pH  adjustment  in  chart  below.  Discard 
this  sample. 

2.  Add  1  liter  of  sample  to  each  of  the  6  one  liter  beakers. 

3.  Adjust  pH  by  adding  soda  ash  solution  to  each  beaker  in  the  amount  determined  in 
step  1.     Record  amount  used  in  chart  below 

4.  Add  additional  soda  ash  solution  to  sample  beakers  as  follows: 

Beaker  #1  -  0.6  mL;   #2-1.2  mL;   #3  -  2.4  mL;  #4  -  3.6  mL;   #5  -  4.8  mL:  #6-6  mL. 

5.  Place  beakers  under  mixer  then  turn  on  mixer.     Adjust  mixer  paddles  and  beaker  to 
maximuim  turbulence  at  80  RPM  (Revolutions  Per  Minute). 

6.  Add  ferric  chloride  solution  as  follows: 

Beaker  #1  -  0.5  mL;   #2  -  1  mL;   #3  -  2  mL;   #4-3  mL;   #5-4  mL;   #6-5  mL. 

7.  Mix  at  80  RPM  for  2  minutes. 

8.  Turn  mixer  control  to  20  RPM  and  mix  for  30  minutes. 

9.  Turn  off  mixer  and  allow  to  settle  for  30  minutes. 

10.  Observe  results  and  record  as  A  (for  acceptable)  or  NA  (not  acceptable). 

11*     Reviev  chart  to  determine  acceptable  treatment  with  the  least  amount  of  chemicals 
used . 

12.     Compute  dosages  as  follows: 

a.  The  mL  ferric  chloride  X  10  -  mg/L  ferric  chloride. 

b.  The  mL  ferric  chloride  X  10  X  8.34  =  lbs  ferric  chloride  per  M-gal . 

c.  Total  mL  soda  ash  X  10  =  mg/L  soda  ash. 

d.  Total  mL  soda  ash  X  10  X  8.34  =  lbs  soda  ash  per  M-gal. 


Sample  No- 

Soda  Ash  for  pH 
ad J  (mL.) 

Soda  Ash  for  FeCla 
Total  soda  ash 

The  mL  FeCla 
Total  Chemical 


TREATMENT  DOSAGE  CHART 
'l "  '2  "  3  4       '      5  '6 
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pH  (ELECTRIC  METER) 


Purpose  of  Test:    To  measure  the  free  hydrogen  ion  concentration  (pH)  of  a  water  sample 
as  a  measurement  of  its  degree  of  acidity  or  alkalinity. 

Method  of  Testing:     Electric  pH  Meter 

Principles  of  Test: 

1.  Measurement  of  pH  is  accomplished  by  determining  the  potential  develuped  by  an 
electrical  cell . 

2.  The  anode  half  cell  or  refer&nce  electrode  consists  of  a  glass  tube  containing 
mercury  mercurous  chloride  immersed  in  a  saturated  KCl  solution.     The  tube  has  a 
porous  tip  to  allow  a  liquid  Junction  between  the  half  cell  and  the  sample.  The 
half  cell  has  a  constant  potential. 

3.  The  cathode  half  cell  electrode  consists  of  a  (;;lass  electrode  which  is  sensitive  to 
the  hydrogen  ion  in  the  sample.     The  potential  of  the  half  cell  varies  with  the 
hydrogen  ion  concentration  of  the  solution. 

4.  Since  the  potential  of  the  reference  electrode  is  constant,   the  potential  of  the 
cell  depends  on  the  hydrogen  ion  concentration  of  the  sample. 

5.  The  black  scale  of  the  meter  is  calibrated  to  read  the  pH,  negative  log  of  the 
hydrogen  ion  concentration,  equivalent  to  the  electrical  potential  produced  by  the 
cell. 

6.  Due  to  the  change  of  sensitivity  of  the  meter  at  different  pHs,  the  unit  must  be 
standardized  with  a  buffered  solution  of  a  known  pH,  before  testing  the  sample. 

Equipment: 

1.  Zeromatic  pH  meter 

2.  60  mL  beaker  (for  buffer) 

3.  150  mL  beaker  (for  distilled  water  rinse  and  sample) 
Reagents: 

1.     pH  buffer  solution  (pH  of  solution  near  estimated  pH  of  sample) 
Procedure : 

1.     Preparing  the  meter 

a.  Remove  the  cover. 

b.  Depress  the  manual  and  standby  buttons  on  the  meter. 

CAUTION:    Never  remove  the  electrode  from  water  with  the  ''READ'*  button 
depressed. 

c.  Electrode  should  be  handled  carefully  and  kept  clean  since  they  are  very 
are  very  sensitive  to  scratches  and  contaminating  ions. 


2.     Standardizing  the  meter 

a.  Pour  approximately  1  inch  of  pH  (4.0,  7.0,  or  10.0)  buffer  into  the  50 
mL  beaker. 

b.  Submerge  electrodes  in  this  buffer. 

CAUTION:     Do  not  allow  probe  to  come  in  contact  with  the  bottom  of  the  beaker. 
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c.  Set  temperature  knob  to  room  temperature. 

d.  Depress  "READ"  button. 

e.  Turn  "Standardize"  knob  until  the  meter  indicates  pH  of  the  buffer  (4.0,  7.0,  or 
10.0}  on  the  black  scale. 

NOTE:     The  indicator  r4ay  tend  to  drift.     Allow  time  for  it  to  stabilize  before 


f.     Depress  standby  button. 

3.  Determining  pH  of  sample. 

a.  Using  150  mL  beaker  and  distilled  water  rinse  the  electrodes  three  times  using 
fresh  distilled  water  each  time. 

b.  Rinse  beaker  and  electrode  with  sample  and  discard  this  water. 

c.  Refill  beaker  with  sample  and  submerge  probe  approximately  one  inch. 

d.  Obtain  temperature  of  sample  and  set  temperature  knob  on  meter  to  that  of  the 
sample. 

e.  Depress  "READ"  button  and  allow  indicator  to  stabilize. 

f.  Push  "Standby"  button  down. 

g.  Read  the  meter  and  record  to  the  nearest  0.1  pH. 

Sample  pH  «  . 

h.  If  equipment  is  to  be  left  in  the  standby  position,  rinse  electrode  with 
distilled  water  and  leave  them  out  of  the  water  solution. 

4.  Storing  meter 

a.  Unplug  the  meter. 

b.  Remove  electrode  from  water,  and  rinse  with  distilled  water, 
c     Cover  the  meter. 


reading. 
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pH  (HELLIGE  COLOR  COMPARATOR) 


Purpose  of  Test:    To  determine  the  hydrogen  ion  concentration  of  a  water  sample  as  a 
measure  of  its  degree  of  acidity  or  alkalinity. 

Method  of  Testing:     Visual  color  comparison  using  the  Hellige  Color  Comparator. 

Principles  of  Test: 

1.  Certain  organic  dyes,  pH  indicators,  give  a  specific  color  to  a  water  sample  at  or 
below  a  certain  pR  and  change  to  another  color  at  or  above  a  higher  pH.     When  the  pH 
is  between  the  high  and  low  ranges,  the  color  or  shade  of  color  will  vary  with  the 
pH*    The  pH  range  and  color  produced  are  specific  to  the  indicator  used. 

2.  The  color  produced  when  an  indicator  is  added  to  the  sample  is  matched  to  a  standard 
color  on  a  color  disc  which  is  specific  to  the  indicator  used. 

Equipment: 

1.     Hellige  Color  Comparator  which  includes: 

a*     Color  comparator  (body) 
b.     Two  test  tubes 

c*     Color  discs  for  following  indicators: 

a.     Phenol  Red 

b*     Chlorophenol  Red 

c*     Bromocresol  Green 

Reagents: 

1*     Phenol  Red  indicator 

2*    Chlorophenol  Red  indicator 

3.     Bromocresol  Green  indicator 

Procedure: 

1.  Fill  the  left  test  tube  to  the  10  mL  line  with  the  water  sampLe  to  be  analyzed* 
Rinse  the  right  tube  with  part  of  the  sample  water. 

2.  Add  0.5  mL  of  the  chlorophenol  red  color  indicator  to  be  used.     Fill  with  sample 
water  to  the  10  mL  mark.     Mix  by  inverting  the  sample  tube  several  times. 

3.  Place  the  color  disc  for  chlorophenol  red  in  the  comparator,   hold  the  unit  securely 
and  rotate  the  disc  so  that  each  standard  color  appears  in  the  viewer  or  sight  until 
the  color  matches  or  nearly  matches  the  color  of  the  water  sample  being  tested. 

4.  Read  the  pH  from  the  number  in  the  upper-right  side  of  the  unit  and  proceed  as 
follows: 

a.  If  the  pH  is  less  than  5*8  but  greater  than  5.2,  report  this  as  the  pH  of  the 
sample.     Proceed  to  step  12. 

b.  If  the  pH  is  5*2,  proceed  to  step  5. 

c.  If  the  pH  is  6*8,  proceed  to  step  7. 

5.  Repeat  steps  1  thru  3  substituting  bromocresol  green  indicator  and  disc  for 
chlorophenol  red  and  indicator  disc. 

6.  Make  color  match  and  report  as  follows: 

a.  If  pH  is  greater  than  3.8  report  it  as  the  pH  of  sample. 

b.  If  pH  is  3.8  report  **3.8  or  below**  as  the  pH  of  the  sample. 
Omit  steps  7  and  8. 


EKLC 


19 

438 


7.  Repeat  steps  1  thi'u  3  substituting  phenol  red  indicator  anct  phenol  red  disc  for 
chlorophenol  red  indicator  disc 

8.  Make  color  match  and  report  as  follows: 

a.     If  p»  is  below  8.4  report  it  as  the  pH  of  sample, 
h.     If  pH  is  8.4  report  pH  of  sample  as  '»8.4  or  above.'* 

9.  Record  results: 

pH  of  sample: 
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DISSOLVED  SOLIDS 


Purpose  of  Test:     To  determine  that  portion  of  total  solids  In  a  sample  which  Is 
dissolved . 

Method  of  Testing:     The  normal  procedure  is  to  perform  a  total  solids  test  and  a 

suspended  solids  test  and  subtract  the  suspended  solids  from  total 
solids. 

Total   solids  in  mg/L 
-  Suspended  solids  in  mg/L 
Dissolved  soli3"s  in  mg/L 

Example:  68  mg/L  (total  solids) 

"  42  mg/L  (suspended  soljLd^s) 
2(rmg7L  (dissolvednsolids) 
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SETTLEABLE  SOLIDS 


Purpose  of  Test:     To  determine  the  volume  of  solids  which  will  settle  out  of  a 
wastewater  sample  in  order  to  determine  the  efficiency  of 
sedimentation  tanks. 


Method  of  Testing:     Settling  sample  in  an  Imhoff  cone  for  a  given  period  of  time. 


Principles  of  Testing: 


1.     Solids  which  will  settle  in  a  settling  tank  with  normal  detention  time  should  settle 
under  still  conditions  in  one  hour. 


2.  Slight  agitation  at  the  end  of  the  45  minutes  will  allow  solids  which  stick  to  the 
cone  to  settle  down  in  15  minutes. 

3.  The  Imhoff  cone  contains  1000  mL  and  the  bottom  is  graduated  in  mL.     The  results  are 
expressed  as  mL  per  liter. 

Equipment : 

1.  Imhoff  cone 

2.  Imhoff  cone  stand 

Procedure : 

1.  Fill  Imhoff  cone  to  the  1000  mL  mark  with  well  mixed  sample  and  place  in  the  stand. 

2.  Allow  sample  to  stand  for  45  minutes. 

3.  Lift  cone  and  rotate  back  and  forth  2  or  3  times. 

4.  Allow  to  stand  for  15  minutes. 

5.  Read  the  cone  at  solids  level  and  record  as  follows:    ml:  per  liter 

settleable  solids. 
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SUSPENDED  SOLIDS 


Purpose  of  Test:     To  determine  that  portion  of  solids  in  a  wastewater  sample  which  are 
not  dissolved. 

Method  of  Testing:     Gravimetric  following  filtration. 
Principles  of  Test: 

1.  Suspended  solids  will  be  retained  on  a  suitable  filter  and  dissolved  solids  will 
pass  through. 

2.  After  drying  and  weighing,  the  weight  of  suspended  solids  is  converted  to  me/L  usine 
the  following  formula: 


Wt  X  1,000,000  =  n,g/L 
mL  sample 


Equipment 


1.  Graduated  cylinder 

2.  Gooch  crucible 

3.  Suction  apparatus 

4.  Drying  oven 

5.  Tongs 

6.  Dessicator 

7.  Analytical  balance 

Reageuts  and  Supplies: 
!•     Glass  filter  pad 

Procedure: 

1      Place  Gooch  crucible  on  suction  flask  and  insert  filter  pad. 

a.  Apply  suction  to  flask. 

b.  Wash  filter  with  three  20  mL  portions  of  cfistilled  water.     Vacuum  filter  until 
all  traces  of  water  is  removed. 

2.  Place  crucible  with  pad  in  drying  oven  at  103"C.  for  one  hour. 

3.  Remove  crucible  from  oven,  place  in  dessicator  to  cool  (for  at  least  15  minutes). 

CAUTION:     Tongs  must  be  used  to  handle  hot  equipment  and  also  to  prevent  contamin- 
ation from  oils  and  greases  on  hands. 

4.  Weigh  crucible  with  pad.     Record  weight  on  next  page. 

5.  Measure  25  mL  oi  i*aw  wastewater  or  50  mL  of  settled  wastewater  or  100  mL  of  plant 
effluent  in  graduated  cylinder. 

a*     Place  crucible  on  filter  apparatus  and  apply  vacuum. 

b.  Filter  measured  sample. 

c.  After  filtering  sample,   rinse  graduated  cylinder  used  to  measure  sample  with 
three  lOnL  volumes  of  distilled  water  and  vacuum  the  rinse  water  through  filter 
pad. 

6.  Dry  filter  and  residue  in  oven  for  one  hour. 
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Cool  in  dessicator  for  15  minutes. 


Weigh  and  record  the  weight. 


Compute  weight  of  solids  as  follows:  Weight  of  crucible,  pad  and  solids  (step  8) 
minus  weight  of  crucible  and  pad  (step  4)  =^  weight  of  suspended  solids. 

Step  8  -  Weight  of  crucible,  pad  and  solids  =  g 

Step  4  -  Weight  of  crucible  and  pad  =  g 

Weight  of  suspended  solids  -  g 

Convert  weight  of  suspended  solids  to  mg/L  and  record  results.  See  orincioles  of 
test  No.  2.  f  f 
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TOTAL  SOLIDS 


Purpose  of  Test:     To  determiue  the  total  solids  content  of  wastewater,  sludge  or  water 
samples. 


Method  of  Testing:     Gravimetric  determination  following  drying. 


Principles  of  Test: 

1.  Most  of  the  water  is  removed  from  the  sample  by  a  steam  bath  to  prevent  solids  from 
caking  to  drying  dish  or  forming  moist  pockets  which  are  hard  to  dry. 

2.  Drying  in  an  oven  at  lOS'^C.  will  remove  remaining  free  water  without  causing 
volatilization  of  the  solids. 

Equi  pment : 

1.  Evaporating  dish 

2.  Graduated  cylinder  or  pan  scales 

3.  Analytical  balance 

4.  Drying  oven 

5.  Tongs 

6.  Dessicator 

7.  Steam  bath 

Procedure: 

1.  If  sample  contains  small  amounts  of  solids,  place  clean  evaporating  dish  in  oven 
and  dry  for  one  hour.     (Dish  used  for  sludge  samples  does  not  need  oven  drying). 

2.  Remove  dish  from  oven  and  let  cool  in  dessicator. 

CAUTION:     Use  tongs  when  handling  equipment  from  oven  or  from  dessicator  to  prevent 
burns  and  to  prevent  contamination  of  equipment. 

3.  Weigh  clean  di*y  dish  on  analytical  balance  and  record  weight  in  step  9. 

4.  Weigh  50  grsuns  of  sample  and  transfer  to  evaporating  dish.     Sludge  samples  are 
added  by  weight  using  pan  balance. 

5.  Place  evaporating  dish  with  sample  on  stean  bath  and  evaporate  until  hard. 
G.       Transfer  dish  to  drying  oven  and  dry  at  103 "C.   for  one  hour. 

7.  Transfer  dish  to  dessicator  to  cool. 

8.  Weigh  dish  with  dry  sample  and  record  in  step  9.     Save  this  sample  if  volatile 
solids  are  to  be  determined. 

9.  Step  8  -  Weight  of  dish  and  dry  sample   _  g 

Step  3  -  Weight  of  clean,  dry  dish    -     g 

Weight  of  total  solids         -    _   g 

Compute  results  as  follows: 

(Wt  of  dish  with  dry  solids  -  weight  of  dish)  X  1,^00,000  = 
rnlTor  grams  oT^s ample  ' 

10.  Record  results:       mg/L  total  solids. 
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volatile:  and  fixed  solids 

Purpose  of  Test:     To  determine  that  portion  of  wastewater  or  sludge  solids  which  is 

volatile,  mostly  organic  material,  and  to  determine  that  portion  which 
IS  fixed,  nondccomposable  inorganic  material 

Method  of  Testing:     Graviinetr ic  following  volatilization. 

Principles  of  Test: 

^*     Ke^io^^J'^lids  lilt  ^^^"'"^"^^        evaporation  of  water  and  weighing  the  residue. 

2.     The  organic  or  volatile  solids  are  burned  off  in  a  muffle  furnace  at  550-C.     At  this 
temperature  the  inorganic  material  will  not  burn. 

fSll^s^^^  solids,   volatile  solids,  and  fixed  solids  are  determined  as 

^'     Silht  of  tot^''so\'ids'*^^^  "^^^  '^''"'^  "  ""^^^^^        evaporating  dish  = 

b.     Weight  of  evaporating  dish  with  dried  solids  -  weight  of  dish  and  ash  after 
burning  =  weight  of  volatile  solids. 

c     Weight  of  dish  and  ash  -  weight  of  dish  =  weight  of  fixed  solids. 

4.     Weight  of  each  type  of  solid  is  converted  to  mg/L  by  the  formula: 

Wt  of^solid  X  1,000,000    =  «-yT 
mL  or  grams  "of  sample  

Equipment : 

1.  All  equipment  needed  for  total  solids  test 

2.  Muffle  furnace 

3.  Heat  resistant  gloves 

4.  Tongs 

Reagents:  None 
Proced  ur  e : 

1.     Determine  the  total   solids  for  a  sample  (see  total  solids  test). 

^*     Ti^vo  7^P°^^^^"f  *ith  total   solids  residue  in  a  muffle  furnace  at  550-C.  and 

leave  for  approximately  15  minutes. 


3. 
4. 
5. 


Remove  dish  from  furnace  and  place  in  drying  oven  to  cool   for  10  minutes. 
Remove  dish  from  drying  oven  and  place  in  dessicator  to  cool   for  15  minutes. 
Weigh  dish  with  fixed  solids  on  analytical  balance  and  record  the  weight, 
a.     Weight  of  dish  and  fixed  solids  g 

Weight  of  dish  (from  Total  Solids  Test)     -  g 

Weight  of  fixed  solids 

 .   S 
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b.     Weight  of  Total  Solids  K 
(from  Total  Solids  Test)  ~  

Weight  of  Fixed  Solids  (Calculated  Above)  -•       ^.  ,     , ?: 

Weight  of  Volatile  Solids    g 

6-     Compute  results  as  indicated  under  principle  4  and  record  results  as  follows 
Volatile  solids  =       _     _  _  mg/L 

Fixed  solids  -  »g/L 
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SPECIFIC  CONDUCTANCE 

Purpose  of  Test:     To  measure  the  specific  conductance  of  a  water  sample  as  a  relative 
measure  of  the  dissolved  ionizable  solids  as  NaCl  equivalent. 

Method  of  Testing:     Electric  Conductance  Meter 

Principles  of  Test 

1.  Water  without  any  dissolved  solids  is  a  very  poor  conductor  of  electricity. 

2.  Water  which  contains  dissolved  ionizable  solids  will  conduct  electricity  in 
approximate  proportion  of  the  concentration  of  the  ions. 

3.  A  conductivity  meter  is  used  to  measure  the  micrcmhos  conductivity. 
Equl  praent : 

1.  Solo-bridge  (specific  conductance  meter) 

2.  Proper  conductivity  cell  probes  as  follows: 

a.  Low  range  probes  for  distilled  or  demi neral ized  water  samples. 

b.  ^ligh  rangn  prolK?s  for  raw  or  treated  water  samples. 

3.  Two,   footed  cylinders  (beakers  may  bo  us(>d   If  sufficiently  dc(?p  enough  to  allow 
submergence  of  air  vent  on  probes) 

4.  Conversion  chart. 

Procedure: 

1.  Fill  container  two  thirds  full  of  sample. 

2.  Select  probes  with  high  or  low  range  depending  on  sample. 

3.  Rinse  the  probes  in  one  of  the  cylinders  of  sample. 

4.  Place  probes  in  second  cylinder. 

5.  Plug  in  the  meter  and  turn  switch  to  "ON''  position. 

6.  Chock  temperature*  of  samplo  used  to  rinK(3  probes. 

7-  Set  tc»mporature  control  on  meter  to  temperature  obtained  in  step  6. 

8.  Jigglo  the  probes  in  sample  until  all  of  the  air  bubbles  escape  through  the  vent 
holes.     Keep  probes  submerged  below  vent  hole  level. 

9.  Turn  the  conductivity  scale  knob  until  the  dark  area  of  the  eye  or  null  indicator 
is  at  its  widest  size. 

10.  Read  the  meter  and  record  the  micrcmhos  specific  conductance  of  sample. 

NOTE:   If  high  range  probes  are  used,  the  meter  reading  must  be  multiplied  by  10. 

11.  Turn  switch  to  the  off  position  and  unplug  the  meter. 

12.  Rinse  the  probes  in  distilled  water  and  store. 

13.  Use  the  conversion  chart  that  is  furnished  with  t!ie  meter  to  convert  specific 
conductance  to  mg/L  equivalent. 

14.  Record  resi^Uts: 

  Micromhos  specific  conductance. 

  mg/L  NaCl  equivalent. 
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SPECIFIC  CONDUCTIVITY  CONVERSION  TABLE  -  TEMP.  78T  (25*C) 


HIGH 

RANGE 

500-20,  000 

MICROMHOS/CM 

MICRO 

TOTAL  DISSOLVED 

SOLIDS 

MICRO 

TOTAL  DISSOLVED 

SOLIDS 

MHO/CM 

nig/L 

GPM 

MHO/CM 

mg/L 

GPM 
■ 

500 

239 

14.0 

2600 

1320 

77.  1 

550 

264 

15.4 

2800 

1420 

82.9 

600 

298 

17.4 

3000 

1525 

89.  1 

650 

315 

18.4 

:  3200 

1625 

94.9 

700 

341 

19.9 

:  3400 

1740 

102.0 

750 

366 

21.4 

:  3(i00 

1845 

108.0 

800 

391 

22.8 

3800 

1960 

114.0 

850 

417 

24.4 

4000 

2065 

121.0 

900 

445 

25.0 

4200 

2180 

127.0 

950 

470 

28.2 

4400 

2280 

133.0 

1000 

530 

29.4 

4600 

2370 

138.0 

1050 

523 

30.5 

4800 

2460 

144.0 

1100 

550 

32.1 

5000 

2650 

155.0 

1150 

576 

33.6 

:  5500 

2900 

169.0 

1200 

602 

35.2 

6000 

3200 

181.0 

1250 

627 

36.6 

:  6500 

3475 

203.0 

1300 

655 

38.2 

7000 

3750 

219.0 

1350 

805 

39.6 

:  7500 

3970 

232.0 

1400 

700 

40.9 

8000 

4300 

251.0 

1450 

720 

42.0 

:  8500 

4575 

267.0 

1500 

745 

43.5 

9000 

4850 

283.0 

1600 

800 

46.7 

:  9500 

5130 

300.0 

1700 

845 

49.6 

10000 

5430 

317.0 

1800 

900 

52.5 

12000 

6700 

391.0 

1900 

945 

55.2 

14000 

7800 

455.0 

2000 

1000 

58.4 

16000 

9000 

526.0 

2200 

1100 

64.2 

18000 

10000 

585.0 

2400 

1240 

72.4 

20000 

11500 

672.0 

M  29 
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SPECIFIC  CONDUCTIVITY  CONVERSION  TABLE  -  TEMP.  78 (25^C) 


LOW  RANGE  0.0 


MICRO 

TOTAL 

DISSOLVED  SOLIDS 

MHO/CM 

mg/L 

GPM 

0.0 

0.0 

0.0 

1.0 

0.3 

0.02 

2.0 

0.6 

0.04 

3.0 

0.9 

0.05 

4.0 

1.5 

0.09 

5.0 

2.0 

0.  12 

6.0 

2.5 

0.14 

7.0 

3.0 

0.17 

8.0 

3.5 

0.21 

9.0 

4.0 

0.23 

10.0 

4.5 

0.25 

11.0 

5.0 

0.29 

12.0 

5.5 

0.32 

13.0 

6.0 

0.35 

14.0 

6.5 

0.38 

15.0 

7.0 

0.41 

16.0 

7.5 

0.44 

17.0 

8.0 

0.47 

18.0 

8.5 

0.50 

19.0 

9.0 

0.52 

20.0 

9.5 

0.55 

22.0 

10.5 

0.60 

24.0 

11.3 

0.66 

26.0 

12.3 

0.72 

28.0 

13.3 

0.78 

30.0 

14.2 

0.83 

32.0 

15.1 

0.88 

34.0 

16.0 

0.95 

36.0 

17.1 

1.0 

38.0 

17.9 

1.0 

40.0 

19.0 

1.1 

42.0 

19.9 

1.2 

44.0 

20.9 

1.2 

500  MICROMHOS/CM 


MICRO 

TOTAL  DISSOLVED 

SOLIDS 

MHO/CM 

mg/L 

GPM 

46.0 

21.7 

1.3 

48.0 

22.7 

1.3 

50.0 

23.6 

1.4 

55.0 

26.0 

1.5 

60.0 

28.5 

1.7 

65.0 

30.8 

1.8 

70.0 

33.1 

1.9 

75.0 

35.4 

2. 1 

80.0 

37.7 

2.  2 

85.0 

40.  1 

2.3 

90.0 

42.5 

2.5 

95.0 

45.  1 

2.G 

100.0 

47.7 

2.8 

110.0 

52.0 

3.0 

120.0 

56.7 

3.5 

130.0 

61.4 

3.G 

140.0 

66.0 

3.8 

150.0 

70.8 

4.  1 

160.0 

75.5 

4.3 

170.0 

80.2 

4  " 

180.0 

85.0 

19C.0 

89.7 

200.0 

95.0 

220.0 

105.0 

t 

240.0 

113.0 

G. 

260.0 

124.0 

280.0 

133.0 

7 

300.0 

143.0 

8.4 

350.0 

167.0 

9.8 

400.0 

200.0 

11.7 

450.0 

214.0 

12.5 

500.0 

239.0 

14.0 

NOTICE:     THE  TOTAL  DISSOLVED  SOLIDS  ARE  IN  TERMS  OF  SODIUM  CHLORIDE 
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TEMPERATURE 


Purpose  of  Test:     To  determine  the  temperature  of  water  using  both  the  Celsius  and 
Fahrenheit  scales. 

Method  of  Testing:    Mercury  Thermometer. 

Principles  of  Test: 

1.  All  bodies  of  matter  have  the  capacity  to  transfer  heat  energy  by  radiation, 
conductive  and  convection  to  a  body  of  lower  heat  level  or  to  absorb  heat  from  a 
body  of  higher  heat  level  until  both  bodies  reach  the  same  temperature. 

2.  In  the  mercury  thermometer,  heat  is  tr:.iisf erred  from  the  sample  to  the  mercury. 

3      As  the  temperature  of  the  mercury  changes,  its  volume  changes.     An  increase  in  the 
temperature  expands  the  mercury  and  causes  it  to  rise  in  the  tube.     A  decrease  in 
temperature  causes  the  mercury  to  contract  and  lower  its  level. 

4.    On  the  Celsius  scale  thermometer,  the  mercury  level  point,  at  which  water  freezes 
is  marked  0*  and  the  point  at  which  water  boils  is  marked  100*  with  graduations 
between,  above,  and  below  these  points  being  1/100  of  the  difference  between  0  and 
100*  mark. 

5      On  the  Fahrenheit  scale  thermometer,  the  freezing  point  is  marked  32*  and  the 

boiling  point  is  marked  212*.     The  graduations  are  1/180  of  the  distance  between 
these  points. 

X.     The  temperature  in  one  scale  can  be  converted  to  the  temperature  on  the  other  scale 
using  the  following  formulas: 


*F-"32 

(1.8  X  •C)  +  32  »  -F  -y^g 


Equipment : 


1.  Mercury  thermometer 

2.  500  mL  beaker 

Reagents:  None 
Procedure: 

CAUTION-     The  thermometer  is  easily  broken  by  careless  handling  or  by  being  exposed 
to  heat  greater  than  that  for  which  it  is  designed.     The  mercury  is  also 
toxic  if  it  gets  into  open  cuts  or  is  swallowed. 

1.  Fill  beaker  threa  fourths  full  of  sample. 

2.  Place  the  thermometer,  mercury  end  down,   in  the  beaker  and  allow  it  to  lie  against 
the  side  of  the  beaker. 

3.  Wait  three  minutes  and  read  the  thermometer  at  the  mercury  level. 

NOTE-     It  is  best  to  read  the  thermometer  without  removing  it  from  the  Weaker.  If 
you  do  remove  the  thermometer  to  read  it,  do  not  touch  the  mercury-f Hied 
end. 

4.  Leave  thermometer  in  beaker  and  re-read  at  one  minute  intervals  until  the  last  two 
readings  are  the  same* 

5.  Record  the  reading  as    degrees    scale  (scale,   thermometer  used). 

6.  Convert  the  reading  to  the  other  scale  and  record  as: 

degrees    scale  (alternate  scale.) 
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PROCEDURES  FOR  VOLUMETRIC  TITRATION 


Purpose  of  Exercise:     To  develop  skills  and  techniques  used  in  measuring  impurities  in 

water  samples  and  In  standardizing  reagents  by  volumetric 
titrations. 

Principles  of  Volumetric  Titrations: 

1.  A  reagent  of  known  concentration,  which  will  react  with  the  impurity  in  the  sample 
being  tested,  is  added  to  the  sample  until  one  drop  of  excess  reagent  produces  an 
observable  reaction  or  change  which  indicates  that  all  of  the  impurity  has  entered 
into  the  reaction.     This  observable  reaction  or  change  is  known  as  the  end  point  of 
the  titration.   

2.  The  end  point  may  be  indicated  by  one  of  the  following  changes: 

a.  A  change  in  color  of  an  added  organic  dye,  usually  due  to  a  change  in  pH. 

b.  A  change  in  pH  as  measured  by  a  pH  meter. 

c.  A  change  in  oxidation  reduction  potential,  measured  by  an  electrical  potentio- 
meter. 

d.  A  color  change  produced  by  an  element,   ion,  or  compound  formed  or  removed  at  the 
completion  of  the  reaction. 

3.  After  the  amount  of  reagent  used  is  determined,  the  amount  of  the  impurity  in  the 
sample  is  computed  by  one  of  the  following  methods: 

a.     The  mL  of  reagent  x  factor  for  given  test  «  mg/L  unknown  constituent. 

^'     gL.  R  X  NR  X  Willi  Eg.  Wt .  x  1,000,000  ^  ^g/L  of  constituent. 
mL  of  sample 

Where 

R  »  Reagent 

N  «  Normality  of  Reagent 

Millequivalent  wt  is  of  the  chemical  form  in  which 
the  unknown  is  expressed. 

4.  The  Normality  of  a  reagent  being  standardized  may  be  computed  using  the  formula: 

mL  Reagent^  X  Normality  Reagenti  ^  mL  Reagent2  ^  Normality  Reagent2 

NOTE:     Free  mineral  acid  test  is  used  for  this  exercise  since  it  is  representative 
of  the  various  titration  techniques. 

Equipment : 

1.  Automatic  buret  assembly  complete  with  buret,  reagent  bottle,  two  hole  rubber 
stopper,   rubber  pressure  bulb  and  tube. 

NOTE:     Squeeze  bottle,  straight  buret  or  pipets  may  be  used  with  slight 
modification  in  step-by -step  procedures. 

2.  Erlenmeyer  flask  (Casserole  and  glass  stirring  rod  may  be  used  for  some  tests). 

3.  Graduated  cylinder. 
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Reagents: 


1.  Standard  solution  -  0.02N  NaOH 

2.  End  point  indicator    -  Methyl  orange 

Procedures: 

1.  Fill  buret  bottle  with  standard  reagent  (0.02N  sodium  hydroxide). 

NOTE:     This  step  will  be  performed  by,  or  under  the  direction  of  the  instructor. 

2.  Check  stopcock  for  free  movement.     It  should  turn  easily  using  two  fingers  and 
applying  slight  pressure.     Do  not  push  down  on  the  stopcock  as  this  will  cause  it 
to  freeze.     Do  not  pull  up  on  it  to  turn  it  as  this  will  allow  reagent  to  be  lost. 
If  the  stopcock  does  not  turn  easily,   lubricate  it  as  follows: 

a.  Remove  the  small  washer  on  bottom  of  the  stopcock  and  remove  it  from  buret. 

b.  Apply  a  small  film  of  lubricant  above  and  below  the  small  hole  in  the  stopcock. 
Do  not  apply  lubricant  where  it  can  get  in  the  hole. 

c.  Replace  stopcock  and  washer  and  check  to  see  if  the  hole  is  clear.  Note 
position  of  stopcock  when  closed,  open  and  partially  open. 

3.  Close  stopcock,  place  a  finger  over  the  small  hole  in  the  glass  filling  tube  and 
press  the  bulb  slowly  to  fill  the  buret  with  sufficient  reagent  to  rinse  the  walls 
of  the  buret. 

CAUTION:     Do  not  press  bulb  too  hard;  it  will  cause  spillage  of  reagent. 

4.  Drain  the  reagent  from  buret,  refill  part  way,  and  drain  enough  to  remove  air  from 
the  buret  tip. 

5.  Fill  buret  slowly  until  it  overflows  back  into  the  bottle. 

o-      Read  the  buret,  at  the  point  of  rt^agent  level.     It  should  read  0  mL. 

NOTE;     Each  number  on  Uie  buret  represents  1  mL;  each  mark  between  numbers 

represent&&    1  mL.     Liquids  will  not  stand  with  a  flat  surface  in  the  buret 
but  will  form  a  slight  dish  shape  called  the  meniscus.     The  bottom  of  the 
me£ii8cus  is  used  to  determine  the  level  of  liquid.    Make  sure  the  level  is 
read  with  your  eye  in  the  same  horizontal  plane  as  the  graduation  being 
read. 

7.  Measure  50  mL  of  sample  with  graduated  cylinder  and  pour  into  the  Erlenmeyer  flask. 

8.  Place  flask  under  the  buret  tip  and  add  reagent  slowly  (rapid  drops).     Rotate  flask 
gently  so  contents  will  mix.     When  reagent  causes  a  temporary  color  change  as  it 
strikes  sample,  slow  the  addition  of  reagent  to  a  drop  at  a  time  until  the  end 
point  is  reached  (sample  turns  straw  yellow). 

9.  Read  the  buret  at  the  liquid  level  and  record  mL  reagent  used. 

10.  Computt  the  mg/L  impurity  (FMA  as  CaCOs)  using  a  factor  (20)  as  shown  in 
principle  3a. 

11.  Compute  the  ^b/L  impurity  (FMA  as  CaCOs)  as  shown  in  3b.     Use  .050  as 
milliequivalent  wt  of  CaC03. 

12.  Record  results. 

NOTE:     Results  are  not  recorded  correctly  unless  correct  unit  of  measures  is 
shown. 

13.  If  equipment  is  to  be  stored,  drain  reagent  from  buret  and  rinse  with  distilled 
water. 
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TURDViilTY  (Nephelometric  Method) 


Purpose  of  Test:     Turbidity   .is  the  muddy  or  unclear  condition  of  water.     It  is  caused  by 
the  fine  suspended  or  collodial  particles  which  do  not  settle 
readil y. 

Examples:     silt,  clay,  and  algae.     The  turbidity  is  expressed  in  Neoholometer 
Turbidity  Units  (NTUs). 

Principles  of  test 

The  Modr       100  Hach  Turbidity  Meter  is  a  true  Nephel cmcter  which  does  not  measure 
the  light  transmitted  or  absorbed  by  the  impurities  in  the  sample  but  measures  the  light 
which  is  90''  angle  by  the  susf^nded  particles. 

Equipment  and  supplies 

1.  Hach  turbidity  meter  with  following  cooponents  as  described  below. 

a.  Light  shield  -  the  long  black  tube  i*iich  is  placed  over  the  cell  (sample 
tube)  well  when  reading  the  meter. 

b.  ^^ample  cells  (4)  -  the  glass  tubes  to  hold  sample. 

c.  Turbidity  standards  (4)  -  Sealed  glass  tubes  containing  samples  of  know 
turBidity  as  marked  (0.61,  10,  100,  and  1000  NTUs)  which  are  used  to 
standardize  the  meter- 

d.  Coll  riser  -  A  short  black  tube  which  must  bo  placed  in  coll  holder  b<»foro 
uslnig  "the  100  or  1000  range  on  the  meter. 

e.  Styrofoam  plunger  -  Used  to  remove  the  cell  riser  from  the  cell  holder. 

f.  Focusing  template  -  A  black  tube  with  white  disk  in  the  bottom  which  is  used 
to  check  light  focus.     (Not  used  by  student) 

2.  Graduated  cylinder  (25  jnL) 

3.  Beaker  for  sample 

4.  Ch  em*- wipe 
Procedures 

1.  Prepare  meter.     The  meter  is  normally  left  plugged  in  with  the  range  selector  knob 
on  100  and  the  light  shield  removed  and  door  closed. 

2.  Clean  colls  -  rinse  cells  with  demineral  ized  ^ter  and  wipe  outside  with  chem-wipo. 
If  dirty  they  must        washed  with  soap  and  water  and  rinsed.     The  last  amount  of 
dust  or  finger  mark     will  cause  false  reading.  ' 

3.  Obtain  sample  in  beaker  and  estimate  turbidity  as  follows: 

a.  Apparently  clear  as  tap  or  demineral ized  water  -  0  to  I  NTUs 

b.  Very  slib'ht  cloudiness  or  turbidity  -  1  to  10  NTUs 
c     Slight  greyish  appearance  -  10  to  100  NTUs 

d.     Cloudy  -  100  to  1000  NTUs 
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standardize  Meter 

a.  Remove  light  shield. 

b.  Select  the  lowest  standard  which  would  measure  the  e?^.imated  turbidity  ot 
the  sample,  wipe  clean,  and  place  in  the  cell  holder- 
Note:     If  the  100  or  1000  range  is  to  be  used  the  cell  riser  must  first  be 

placed  in  the  cell  holder. 

c.  Place  light  shield  over  the  cell  holder. 

d.  Turn  range  selector  to  the  turbidity  of  the  standard  and  adjust  standardize 
control  ^;nob  to  make  the  needle  on  the  scale  read  NTUs  of  the  standard. 

Remove  standard  from  cell  holder* 
Determining  turbidity  of  sample. 

a.  AdO  25  mL  of  sample  to  clean  sainple  cell,  wipe,  and  place  in  cell  well. 

b.  Install  light  shield. 

c.  Read  proper  scale  and  recorr/  bl^  riVTs  sample. 

Remove  and  clean  cell.  Leave  m«ite,r  i!5  IGO  range  with  light  shield  rerao  ed  and  door 
closed. 


OPERATING  INSTRUCTIONS  FOR  THE  "METTLER  H  30"  ANALYTICAL  BALANCE 


1.  Make  sure  the  bubble  on  the  top  of  the  balance  is  centered. 

2.  Make  sure  that  four  zeros  are  visible  on  the  indicating  dial- 
3-  Plug  in  the  electrical  connection. 

4.  Make  sum  the  red  lock  on  the  selector  knob  is  fully  extended.  (1/8") 

5.  Zero  the  balance:     a.     Turn  selector  knob  to  "1"  (Extreme  Left) 

b.     Turn  the  "0"  control  knob  until  six  zeros  are 
showing  on  the  dial,  and  the  center  line  is 
centered  in  the  light  slot  of  the  index  fork. 

6.  Return  the  selector  knob  to  the  zero  position. 

7.  Place  sample  on  pan.     Close  both  doors. 

8.  Turn  selector  knob  to  the  "1/2"  position.     (Extreme  Right) 

9.  Turn  the  #10  control  know  slowly,  in  a  clockwise  direc     nn,  until  the  arrows  on  tr:r^ 
filling  guide  suddenly  reverse  and  point  to  the  left. 

10.  Turn  the  #10  control  knob  back  (counter  clockwise)  one  click. 

11.  Turn  the  #1  control  knob  until  the  arrows  on  the  filling  guide  suddenly  reverse  and 
point  to  the  left,  if  it  does  not  reverse,   leave  on  9  and  continue  to  step  #13. 

12.  Turn  the  #1  control  knob  back  (counter  clockwise)  one  click. 

13.  Return  the  selector  knob  to  zero,  then  slowly  place  selector  in  #1  position. 

14.  Turn  the  digital  counter  control  knob  (on  lower  right  side  of  balance)  until  next 
lower  scale  division  is  centered  in  the  light  slot  of  the  index  fork. 

15.  Read  weight  on  indicating  dial. 

16.  Return  selector  to  zero  position. 

17.  Turn  control  knobs  until  four  zeros  are  on  indicating  dial. 
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OPERATING  INSTRUCTIONS,  MUFFLE  FURNACE 


Preoperation  Procedures 

1.  Position  the  208-volt  circuit  breaker  to  turn  the  power  off. 

2.  Set  the  power  se:   ^tor  switch  and  the  "time  cycle  on"  control  knob  (on  the  unit)  to 
OFF  position. 

3.  Check  to  see  that  the  furnace  is  empty. 
Operation  Procedures 

1.  Observe  the  instructions  and  warnings  on  the  metal  plate  attached  to  the  unit. 

2.  Plug  the  u 'VC  into  the  208-volt  outlet. 

3.  PositJ  X      le  208-volt  circuit  breaker  in  the  ON  position. 

4.  Set  t)\?>  power  selector  switch  to  medium. 

5.  Set  the  time  cycle  on  control  knob  to  6  or  higher  number. 
Shutdown  Procedures 

1.  Position  electrical  n<5Btrol  k>*r)b  co  6  or  higher  number. 

2.  Position  circuit  brasher  to  0?F  position. 

3.  Disconnect  the  unit  from         electrical  outlet. 
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WATKR  WKM.  OPERATION  AND  MAINTKNANCK 


OBJKrTCVKS 


Oiven  incomplete  Rtatements  ;i>)out  ground  wator  and  water  wells,  comploto  each 
statement  by  making  written  responses.     Four  of  the  six  responses  must  be  correct. 

Using  data  pertaining  to  wells,  define  terms  and  calculate  static,  pumping,  and 
drawdown  levels  with  a  maximum  of  one  Instructor  assist. 

INTRODUCTION 

Any  large  group  of  people,   such  as  found  on  an  Air  Force  bas<»,   noeds  :i  sufficient 
supply  of  w:it<;r.     This  supply  may  C()me  from  either  surface  water  or  ground  water.  In 
Some  arnas  lakes,   streams,    rivers,   and  ponds  are  usf;d  as  >i  •  Mirc<;  of  wat.er.  However, 
the  Air  Fort:e  preff>rs  to  usn  grounil  wat<>r  wh^n  it  is  availaijlt?  in  quantities  larg<; 
enough  to  satisfy  water  neods.     Although  the  Air  Force  hires  civilian  contractors  to 
drill  and  develop  most  wells.   It  is  your  job  to  operate  and  maJntaln  them.     In  order  t<^ 
properly  operate  and  maintain  thi?so  wells,   you  should  know  the  origin  of  j^round  water, 
methods  used  to  explore  for  ground  water,  well  construction  techniques,   and  problems 
that  may  arise  during  tho  operation  of  wells.     You  must  also  determine;  the  different 
water  levels  in  a  well  in  order  to  detect  when  it  is  running  dry. 

This  study  guide  and  workbook  does  not  cover  all  of  the  inforjoation  c<^ncerning 
wolls.     For  moru  complete  details,  you  should  refer  to  AFR  85-23,  Well  Drilling 
Operations;  and  AFR  91-26,  Maintenance  and  Operation  of  Water  Supply,  Treatmint  and 
Distribution  Syst(;ms. 


Ground  wat(?r  is  water  whitih  exists  in  a  layer  of  rock  or  soil  below  t'lc  .surface  of 
the  «»arth.  This  ground  wat(?r,  which  is  the  source  of  wator  in  veils,  is  supplied  by  a 
prnco>:s  known  as  the  hydro! ogif  cycles. 

Ilydrologic  Cycle 

TIm*  hydrologic  cycle  Is  nature's  vay  of  reusing  the  limited  supply  of  water  by 
cycling  it  between  the  (Mirth  *s  surface  and  the  atmoshpero.     This  roeycllri/^  is  n<»cossary 
h(»cause  no  new  water  is  formed.     Wat.*»r  is  purified  and  reuser*  by  nature  as   it  goes 
through   th.;  =;teps  of  the  hydrjloglc  cycle.     The  steps  of  this  water  cyclo,  which  ar<i 
shf)wn  in  figure  1-1,    In<*lude  evaporation,   prec  Ipi  tati'in ,   runoff.    Infiltration  and 
s  torfli^e. 

KVAPORAT ION :     The  conversion  of  water  from  streams,    rivi^rs,   laKc^,   and  ponds, 
(surface  wat<»r)  Into  a  vap.ir  Is  called  evaporation.     This  water  vapor  rise's  to  the 
atmosphere  to  form  clouds. 

PRKCl PITATION:     When  the  vapor  In  the  clouds  comes  in  contact  with  cool<»r  air  it 
condenses.     The  condensed  vapor  is  heavier  than  air  and  so  falls  tn  lhi«  <»:irf.hV'.  nurfna* 
as  rain,   sleot,   hail,   or  snow  (depending  on   the  tfrmper.i  turo  of   t»e  a!r  u\    I  Min?y, 
Thi5>  is  known  as  precipitation. 

RUNOFF:     As  tho  prr»c1 J  ta  t  i  on   falls  to  tht?  earth's  surfaiwj,   so:no  of    it.   flows  t)V<»r 
th(*  surface*  of   the  M.irth      -d  forms  streams,   rivers,   lakes,   and  ponds.     W.iii^r  flowing 
over  the  oarth  is  trailed  runoff. 

INPIliTRATION :     Part  of  tho  wator  falling  as  rain,   sl<?ot,   hail,  and  snnw  s<?eps 
through  the  ground.     This  process  is  known  as  infiltration. 
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STOKAOK:     Tho  watr»r  which   flltpfs  through  th(»  rocks  And  soil   Is  collortc^l  and  storod 
in  f'prtaln  typos  of  ro'-u   layi»rs  as  jrroiind  wator.     This  storap>  of  i:rnn:».l  w:it«T   is  thi« 
source  of  wAtf?r  in  wc»lls. 

Tho  layers  of  rock  and  soil  which  collect  anri  stort'  ground  water  art^  called 
aquifers. 

Aquifers 

An  acpilfor  is  a  layor  of  rock  or  soil  (stratum)  which  contains  wator.  There  are  two 
types  of  aqnifors — confined  and  iinconflned  (see  figure  1-2). 

CONFINKD  AQUIFKH:     A  confined  aquifer  is  a  water-bearing  stratum  ^liich  has  layers  of 
rock  or  soil  that  do  not  allow  pass  through  them  (impermeable  layers)  both  above  and 
below.     Tfioso  lmp(?rmeablo  layers  are  sometimes  referred  to  as  confining  layers. 

(INCONFINKD  AQUTFKR:     An  unconfined  aquifer  is  bound  by  an  impermeable  stratum  below, 
but  has  a  permeable  layer  of  rock  or  soM   that  allows  water  to  pass  through  above  it. 
There  are  some  areas  in  which  wat(?r  rises  through  this  permeable  layer  to  tlio  surface  of 
the  earth  and  forms  swamps,  ponds,  and  lakes.     The  highest  point  to  which  the  ground 
water  rises  is  known  as  thc>  water  table. 

Because  this  ground  wnter  is  below  the  surface  of  the  earth,   it  Is  not  directly 
visible;  therefore,  you  must  use  other  methods  to  determine  its  presence. 


Figure  1-2.     Typ(?s  of  Aqulf<?rs 
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KXPI.OKATIf)N  KOK  (JROnND  WATKU 


on.rlniS"  r^''''"  searching  for  existing  weU.s  and  looking  for  X  J^osonco 

fn  «rf«'  J"  r^'"?^-.  ^'^^^^'"^ " ^ the  type  and  abundance  of  vegetation  growing 

in  an  area,  geophysical  methods,  and  dlgglni^  tost  wells  may  .ilso  hc»  used.  gr  >wini, 

Existing  Wells 

roH^Ki.?!^!'^  ^""''^  already  boen  drtiled  in  an  area  is  one  of  the  most 

reliable  methods  used  to  determine  the  presence  of  ground  water.     It  not  only  confirms 

im^iVwli^  ;   '  17"'^"^^  ^'^  unconf  ;r.Mi),   the,  depth  of  lUn  a^nlfer.  and  what 

d  r«Hln^!2l\      -^^^  used  successfully  In  the  area.     There  are,  however, 

disadvantages  to  usln^  this  method  of  determining  the  present,':  of  ground  wat<.r.  Th^ 

n  rLloo  ^^r'"''  "^^f"  already  existing  wells  for  military 

havo  h!!:  «  n«  ^"""^'^  a^^^^ndoned  due  to  contamination.     Contamination  mv 

ion!i   let     h7  ?    '^ccidenra.        natural  causes  (such  as  unintentional  pollution  from 

local  waste  disposal  or  animal^;  or  deliberate  poisoning  by  enemy  personnel. 

Springs,  Lakes,  and  Swamps 

Springs  are  points  at  which  ground  water  flows  to  the  surface  of  the  earth.  The 

JaTe'rTxls'tsT:  a":  aT::  '^^'v"''  ^"^^-.^^^  that  at  least"some%mo:S;- of  ground 

water  is  nrLinf      VT.  .1'"^''^  """^  swamps,  on  the  other  hand.   Indicate  that  ground 
d^t^Lln.^f  rn    ^"^y/^they  are  a  result  of  a  high  water  table.     It  is  hard  to 
suJfJcl  waf  P'^''^^^*^^*'-  ^ake  or  swamp  is  caused  by  ground  water  or  collection  of 


Vegetation 

In  a  dry 
the  location 
depends  on  a 


region  the  type  and  abundance 
and  depth  of  ground 
knowledge  of  plants 


of  plant  Rrf)wth  can  be  used  as  an  index  to 
water.     Success  of  finding;  water  using  this  m^»thod 
and  their  growth  habits. 


Heophysi  eal  f4e th«><ls 


The  presence  and  depth  of  ground  water  may  be  determined  using  geophysical  methods, 
om  inmnnt       r'J,  m"'^  ^"l^  Instrumr^nts  Is  very  complex  and   In  ^ost  cases  requln's 

117^0^1.     f      i^^^*:  not  found  in  mlUtary  enginoerlng  units.     These  methods  would 
seldom  hi    feasible  for  military  n(»eds. 

Test  Wells 


The  best 
drill  a  well 
information  as 
gives  you  this 


method  used  to  rletermlnc*  the 


f^>fl8tence  of  ground  water  In   in  area  Is 
or  test  hole.     The  techniques  described  previously  all  give  Indirect 
presence  and  depth  of  ground  water.     Drilllntj  a  «fell  or  test 
^'^rectly.     The  presence  of  ground  wat(»r  is  Indi'  ,tr<.l 
types  Of  cuttings  obtained  while  drilling.     The  amount  of  water 
can  he  determined  by  running  a  pump  test. 


to  the 
information 


is 

prj  sent 


I  n  the 


t  D 

hole? 

hy  the 
a<^,'i  I  f  <?  r 


After  the  pres(?nce  of  ground  water 
water  needs,   the  well  Is  drilled  and 


is  found 
developed. 


In  quantities  large  enough  to  s«risfy 


WRM.  CONSTHUCTION 

TH     1*?^^''  ""/^  """^  shafts  sunk  Into  the  j?round  for  tho  purpose  of  obtai  n*  water. 

Jype'i?'soir'oLn%\\v'^"^'?"'  h'"  construct  the  hole  Sepl^nd  on  such  factor^  Is  h<. 

type  of  soil  quantity  of  water  needed,  and  the  depth  of  the  aquifer.  Vu>  methods  used 
to  construct  the  hole  and  tho  components  which  are^^found  In  a  well  are  described  View? 

Hole  Construction  Techniques 

In  most  parts  of  the  world  fresh  wator  can  he  found  by  dlKRlng  or  drlUlnR  into  th.» 
ground  In  some  areas  shallow  l.olos  of  only  h  f.iw  r.,.,;  will  ri ,,d  wat.r  *l  1 1  In  oLhJr 
ar.as  it  i«  n,.,,...ss,.iry  to  Hrill  through  sovo^al  hundred  foot  of  r.'c.ran.Vson  to  find  a 
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sonrco  of  water.     ShalV  *  dnj;  w<»ll.s  are  not  normally  iisod  for  military  water  supplies 
due  to  the  difficulty  of  maintaining  thi*  structural  and  sanitary  conditions  of  llioso 
wells.     For  thi»  purpose  of  this  lesson »  the  deep  source  of  water  supplies  will  l^**  our 
main  Conner n. 

A  large  v.iricty  of  w^thods  and  i^iulpinent  are  available  f')r  exc.iviiti  nj:  hol»?s  in  thi* 
earth  for  wolls.     The  most  important  factor  governing  the  method  used  Is  the  (^c<*urreiu'.i» 
of  Kronnd  water  In  an  .iriMi.     It  woijld  be  useless  to  use  equlpfm?ni   witli  the  ability  to 
drill  100  feet  In  :in  area  where  the  groundwater  lies  at  a  depth  of  r>00  feet.     It  wo'ili 
also  be  a  wasti-  tyf  t  Irne  and  money  to  try  to  drill  a  well  in  an  area  where  the  aquifer  is 
hard  rock  with  equipment  capable  of  drilling  through  loose  material.     The  methods  of 
construction  used  by  the  military  are  down-hole  percussion^  rotary  drilling,  boring, 
driving,  Jetting,  and  digging. 

DOWN-HOhK  PRKCIJSSIOM:     This  method  of  drilling  a  well  consists  of  alternately 
lifting  and  dropping  a  percussion  drill  (sometimes  called  a  cable  tool).  This 
percussion  drill   is  made  up  of  a  heavy  bit  and  drill  stem.     The  impact  of  the  bit  breaks 
up  and  loosens  the  rock  material  in  the  hole.     Water  is  added  to  the  hole  to  aid  the 
drilling  process.     The  loosened  material,  known  as  drill  euttings,  is  removed  from  the 
hole  with  a  bailer.     The  hailer  consists  of  a  largo  tube  or  bucket  with  a  hinged  door  or 
flap  at  the  bottom  end.     When  the  bailer  is  dropped  into  the  hole,  it  fills  viith  the 
drill  euttings  mixed  with  water.     The  do^**  or  flap  prevents  ^^e  bailer  from  emptying 
until  it  reaches  the  surface.     Although  this  method  of  drilling  wells  is  efficient,  it 
is  no  longer  in  great  use  because  of  the  time  required  to  drill  a  deep  well.  The 
down-hole  percussion  technique  has  been  almost  completely  replaced  with  the  rotary 
method  of  drilling  a  well. 

ROTARY  TKCHNIQHR:     Rotary  drilling  uses  a  drill  bit  attached  to  a  pipe.     The  bit 
cuts  and  breaks  up  the  rock  or  soil  material  as  it  penetrates  the  formation.     A  drilling 
fluid,  usually  mud  mixed  with  water,   is  pumpen  through  the  rotary  drill  pipe  and  flows 
from  holes  in  tlie  bit.     This  fluid  swirls  in  tlu»  bottom  of  the  hole  and  picks  up  the 
drill  e.uttings.     -t  then  flows  upward  In  the  space  outside  tin;  drill   pipe.     This  ke(?ps 
th»r  hole  clean  by  ':tarrylng  the  euttings  from  the  hole  to  the  earth's  surfaee.  The 
drilling  fluid  is  e^reulatcd  between  the  hol^-  and  scuttling  pi  ts^ 

The  lotary  mtfthod  of  drilling  is  much  fast(?r  than  the  percussion  drill  and  has 
another  advantage  of  sealing  thv?  wall  of  the  hole  as  It  drills  into  the  soli.     The  drill 
for<M*s  mild  into  the  pore  spaci^s  of  the  hole  wall,   thus  preventing  the  hole  from  caving 
in. 

Although  tUn  Air  Force  uses  the  rotary  method  of  drilling  a  well  most  often,  there 
may  be  tines  when  using  another  technique  is  more  advantageous.     Some  of  the  other 
techni(]ues  are  boring,  driving,  jetting;  and  digging. 

nORRD  WKfJuS:     Boring  Is  commonly  done  by  using  an  earth  auger.     This  auger  may  be 
either  turned  by  hand  or  power-driven.     Boring  is  practical   In  areas  wli^r*?  ground  water 
is  found  near  the  surface  arid  when  only  small  amounts  of  water  are  need^^d.     You  can  use 
augi^rs  in  f7ial»trl«ls  in  which  holes  25  to  50  feet  deep  and  2  to  32  inches  in  diarTK?ter 
v.'lll  not  (!ave  In. 

DRIVEN  WKI.LS:     Wells  with  small  diameters  may  be  constructed  by  using  yi  drive  point. 
This  drive  point  consists  of  a  perforated  pipe  with  a  steel  point.  ;tl  its  lower  end  to 
break  through  pebbles  or  thin  layers  of  hard  rock  material.     The  drive  point  must  be 
driven  deep  eneugh  to  penetrate  an  aquifer  below  the  water  table,  usually  not  more  than 
25  feet.     The  chief  use  of  driv^jn  wells  in  military  operations  is  for  emergency  well 
construction  where  the  water  table  lic^  close  to  the  v^round  surface. 

JKTTKD  iVKl.IiS:     In  this  method  a  hi>le  is  drilled  by  using  a  largo  pipe  with  a  small 
hole  in  the  tip.     A  high  pressure  stream  of  water  is  pumped  tlirough  the  hole.     The  force 
of  this  stream  of  water  loosims  the  material  It  strikes  and  washes  the  f i  n^  particles 
upward  out  of  the  well.     As  the  fine  particles  are  washed  c'*t  of  the  hole,    the  pipe 
sinks.     T)iis  rmjthod  of  well  lionstru'-hion  is  particularly  useful    In  sandy  soils  where  the 
water  table  lies  close  to  the  surfn  e  of  the  ground. 


Us 


our.  WFLr.S:     Most  dug  wells  are  circular  In  shape,  slncn  a  circular  holt*  doos  n  r 
l.onrt  to  collapKo.     nigging  is  the  oldest  method  used  to  construct  a  well,     Roforo  hk K^rn 
tools  and  equipment  were  Invented  and  ns(»d  for  well  construction,   It  was  common  practice 
tr.  diR  a  hol(?  In  the  onrth  down  to  the  water  table  for  us<*  'is  a  well.     Dn^  w<»lls  are 
lined  or  curbt»d  with  wooden  stavos»  concrete,  or  mehal  curbing  to  prpv^nt  It  from 
collapsing. 

After  the  hole  Is  drilled  or  dug,  the  other  components  are  lnstalle<i  In  the  well. 
Well  Components 

Well  componeat.s  will  bo  covered  in  the  following  order:     hole,  casing,  screen,  base 
plate,  gravel  pack,  and  pump  assembly.     Figure  1-3  will  show  you  the»se  components  nnd 
their  relation  to  one  another. 

HOLE.     Access  to  ground  water  Is  through  a  hole  or  sh»tft.     Hole  si/.os  vary  widely  in 
both  diameter  and  depth.     The  diameter  of  a  well  may  vary  from  less  than  2  Inches  to 
W)ro  than  10  foet.     Oopths  range  from  less  thnn  10  feet  to  more  than  7,000  feet; 
howovor,   the  7,000  feet  depth  is  close  to  the  economic  limits  of  using  wells  as  a  sour.M* 
of  water.     Carf  must  hc»  taken  to  pr.jvcMit  the  *all  of  the  hol^»  from  oavl  nj^  In  and  koi>n\r\\F 
surface  water  out. 

CASING.     The  casing  Is  used  In  a  well  to  prevent  the  wall  from  coUaspln^.  This 
component  also  prevents  surface  drainage  and  polluted  ground  water  from  entering  and 
contaminating  the  well.     The  straight  casing  is  probably  the  most  common  type  used.  It 
consists  of  a  large  pipe  or  housing  for  the  pump,  and  Is  Installed  at  the  time  of 
drilling.     This  casing  or  pipe  should  extend  from  at  least  one  foot  above  tho  surface  of 
the  ground  to  the  last  Impermeable  layer  of  rock  or  soil  overlying  the  aquifer.  Tho 
space  between  the  outside  of  the  casing  and  the  inside  of  the  hole  must  be  tightly 
sealed  with  grouting  (a  fliilc*  mixture  of  cement  and  water  with  the  consistency  of 
paste).     Above  the  surface  of  the  ground,  on  top  of  the  casing  and  the  Inside  of  the 
hole  must  be  tightly  sealed  with  grouting  (a  fluid  mixture  of  cemenr  and  water  with  th<» 
consistency  of  paste).     Above  the  surface  of  the  ground,  on  top  of  the  casing,   is  a  well 
head.    This  structure  consists  of  a  sanitary  seal  and  concrete  slab,  usually  sloping 
away  from  the  well.     The  well  head  prevents  surfac**  water  from  entering  th«;  well. 

SCRKKN:^  Screons  prevent  large  rock  material  from  entering  the  pump  during  well 
operatly. .  ];elps  the  casing  prevent  the  hole  from  collapsing,  and  allows  wat«;r  to  ent<?r 
the  we  >       J       length  of  the  screen  is  determined  by  tht?  thickness  of  the  aquifer.  This 
comfxme.     '     normally  made  nut  of  brass,  bronze,  or  stainless  steel.     Tho  drive-well 
p«)lnt,  1  >ntlnuous-slot  (figure  1-4),  the  wire-wrapped  pipe-base,  and  the  brass  tubiiiir 
are  the  most  commi^n  types  of  screens  used.     The  sizes  of  the  openings  vary  with  each 
tyi^e  of  screen  to  Pit  the  grarlatlons  of  the  water-bearing  sand. 

BARR  IM.ATK:     A  base  plate  is  Installed  in  the  bottom  of  the  screen.     It  prevents 
sand  from  entf*rlng  tho  well   thrt>{j|gh  t^.«  bottom  of  the  scrcjen. 

OraVFL  PACK:     Th«»re  are  some  areas  where  the  sand  Is  so  Pine  that  tho  s<»rcM?n  and 
base  plate  cannot  prevent  its  entry  into  the  well.     In  thr^n  areas,  a  gravel  pack  is 
installed  to  prevent  these  fine  sand  particles  from  entering  the  well.     To  place  the 
gravel,  you  must  construct  a  hole  larger  in  diameter  and  use  a  double  casing  down  to  the 
aquifer.     A  space  between  the  two  casings  is  then  made  to  roci»lve  the  gravel  (see  figure 
1-5  to  see  a  gravel  packed  well).     The  gravel  pack  also  ar^ts  as  a  reservoir  as  water 
from  the  ao/.iifer  fills  the  pore  spaces  between  the  gravel.     This  reduces  the  speed  of 
the  water  entering  the  well.     The  slow-mo  ring  water  does  not  erode  the  rock  formation 
and  does  not  carry  as  many  suspended  particles.     As  a  result,  clogging  of  the  screen  and 
the  aquifer  is  slowed.     This  Increases  the  amount  of  water  delivered  by  the  well.  A 
gravel  packed  well  costs  more  Initially,  hut  pays  for  itselP  with  an  incrcjased  water 
production  over  a  longer  period  of  time. 

PUMP  ASSRMm.Y:     A  pump  is  used  to  lift  the  ground  water  to  the  surface.  The 
selection  of  a  pump  for  a  well  depends  on  such  factors  as  the  size  of  the  wr»l  1  and  the 
amount  of  water  needed.     Some  pumps  are  installed  above  tho  ground  and  are  called 
suction  pumps.     Those  pumps  that  are  lowered  into  the  well  casing  are  known  as  submerged 
or  deep  well  pumps. 
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Plgupe  l-^.     Cross  Section  of  a  Typical  Well 


PftCKEH  TOP 


WELL  SCftEEM 


CLOSED  BAIL  WTTOM 


Figure  1-4.     Contl nuoiift-Slot  Well  Screon 
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AftPr  th.?  wf^l  has  her^n  drilled,  devnlopod.  and  the  pump  assombly  Is  Installed,  it 
becomes  an  integral  part  of  the  water  supply  and  distribution  system.     Liko  any  other 
piece  of  equipment,  wells  must  br,  maintained  on  a  regular  basis. 

WKT.F,  PROBLEMS  AND  MAINTRNANCR 

The  problems  which  occur  most  often  durii.g  the  operation  of  we'ls  aro  encrusted  or 
uorrod-»d  screoms;  oloRged  screens,  gravel  pack  and  pores  ^jf  the  surrounding  rock 
rornation;  and  cracked  casings.     Yr;s:  Tiust  not  only  conserve  the  ground  water  supply  hut 
also  protect  it  from  contamination.     The  wells  miir^t  be  disinfected  when  n^jco'^sary. 

Well  Screons 

Orour^d  water  may  contain  min.  rals  that  cause  hcLrJness  and  acidity.     Well  screens 
are  constantly  exposed  to  these  minerals  when  wells  are  operated  every  day.     As  a 
result,  those  minerals  encrust  and  corrode  the  well  screens.     Y„u  must  clean  the  scri^ens 
periodically  to  prevent  mineral  scale  buildup  and  corrosion  from  groatly  reducing  the 
amount  of  water  produced.     The  mi^thods  used  to  clean  well  stM-.-.-ns  include  chemice  ■  ^ y  " 
treating  them  with  acids,  chlorine,  and  phosphaues.     Dry  Ice  and  jet  cleaning  can  also 
he  used  to  remove  scale  and  corrosion  from  the  screvdns. 

ACIDIZING:     Treatment  with  inhibited  muriatic  or  sulfaraie  acid  cIe,.Mj^  e.  (M'usted 
screens.     Muriatic  acid  (27  percent  concentration  of  hydre^.holoric  arJd)   •  .     ^ed  most 
often  to  clean  wrll  screens.     Sulfamic  acid  (not  to  iv-  r:«,nfuS(id  with  sii^    .    r   acid)  may 
be  used  in  place  of  muriatic  acid.     It  does  not  attack  thr  metal  screens     s  rapidly  as 
muriatic  acid.     The  inhibitors  added  to  both  of  ther-e  acL;.^-  allow  their  to  attack  the 
mineral  scale  rather  than  the  metal  screens.     The  procedure^i  for  using  these  acids  arr- 
found  in  AFR  91-26. 

CAUTION:     ACIDS  CAaSK  CKKMICAL  BURNS.     You  should  call   an  omm  tI,  ..ted,  qualiflod 

contractor  to  clean  well  screens  with  acids.  Do  not  u^  any  wells  n<vir  ( 
the  well  b^ing  treated  with  acid. 

CHLORINE  TREATMENT:     In  addition  to  muriatic  or  sulfamic  acid,  chlorine  may  h..  used 
to  clean  well  screens.     Chlorine  removes  bacterial  slime  growing  on  the  weV  <?cre;-ns. 
when  mixed  with  water,  chlorine  forms  a  weak  acid  whicJi  attacks  mineral  seal,-  caused  by 
hardness  minerals.     When  using  chlorine  to  clean  well  screens,  uso  a  solution  contalnlnc 
inn  to  200  ppm  of  chlorine.  ^ 

PHOSPHATE  TREATMENT:     ^hosphates  are  used  to  prevent  scale  from  fonnlng  on  well 
screens.    These  chemicals       ^p  the  minerals  in  solution  so  that  they  do  not  settle  on 
the  screons  and  form  sea"*  posits. 

DRY  ICE:     Cleaning      .1        eens  using  dry  ice  is  simpler  and  safer  than  treating 
tliem  with  chemicals;  however,   tnis  m.-thod  may  or  may  n^t  work*     Dry  ice  is  frozen  carbon 
die    de  (C02)  gas.     As  the  ice  rw>lts     ,i  the  well,  Cr>  Is  formed.     This  pas 

bu;    :s  up  pressure  in  the  well,  which   rorces  water  dowr    :  he  well  and  out  through  the 
Rcr-    n  at  the  bottom.     The  force  of  tne  water  leaving  tiu*  well   into  the  aquifer 
dislodges  scale. 

CAUTION:     Use  extreme  care  when  you  use  dry  ice  to  clean  the  scrr-ens.     Use  tongs  or 
*foar  heavy  gloves  when  you  add  the  chunks  <^f  dry  ice  Into  the  well;  dry 
ice  may  cause  burns.     Provide  a  moan;;  to  control  or  release  th«  CO2  gas 
to  prevent  excesi^ive  buildup  of  pressure.     B<:.cau3e  CO2  gas  will  suffo- 
cate you,  provide  ample  ve t i lat ion ,  especially  if  the  well  is  housed. 

.TET  CLEANING:     Jet  cleaning  of  well  screens  uses  a  hi^\     velocity  stream  of  water  to 
dislodge  scale  from  the  screens.     The  equipment  usecl  to  Jet  c'tean  well  si.n-on^  include  a 
Jetting  tool,  a  high  pressure  pump,  2-inch  piping,  and  an  ample  supply  of  water.  Lower 
the  Jetting  tool  into  the  well  down  to  the  screen  and  turn  on  the  high  pr<»ssurp  pump. 
Run  the  well  pump  to  remove  excess  water  and  the  dislodged  material. 
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Ti.  ;rr  may  hcr  t  Imo.s  when  the  well  5?creens  aro  so  ha<1ly  encrusted  and  corroded  that 
thoy  <:aiuu)t  he  cl<mned  using  the  mi»t))od55  mentioned  i ^*     previous  paragraphs.     In  these 
cases  tho  sc*re(»ns  must  h(*  ptHled  and  replaced.     Rep^     *  .^.^  the  scrojjns  in  the  field  is 
not  practical. 

Tho  amount  of  water  dolLvorocl  by  wcjl  Is  is  reduced  not  only  hy  -^nc  rus  ^  .'.1  rincl  corroded 
screens,  hut  also  bv  clogging  of  the  screen,  gravel  pack  and  the  porc:S  of  the  formation. 

Cl.cggfMl  ocr<}(.»n.  Gravel  Pack  v  and  ?ores  of  the  Formation 

The  fine  sand  particles  of  some  aquifers  will  eventually  clog  the  scfc»en  and  gravel 
pack  cf  the  well,     this  reduces  tho  amount  of  water  entering  the  well.     Strnd  will  aI.;o 
clog  the  pores  of  the  aquifer  surrounding  the  well,   preventing  water  from  entering  tlie 
aquifer.     You  can  uncloj;  lli(?se  structures  by  using  or,e  of  the  following  methcjds: 
surging,  backwashing  and  surging,  or  backwRshing  and  backblowing. 

SUHGING:     a  well  can  he  surged  without  pulling  the  pump  from  the  well,  and  without 
expert  help.     The  well  is  siirged  by  tii-'ning  the  well  pufr.p  on  and  off  at  iutorvols  of  3 
to  5  minutes.     This  opc?ration  raises  the  water  in  thei  well  and  allows  it  to  fall  again. 
The  falling  water  flows  out  of  tlie  Ijottom  of  tho  well  through  the  scieen  and  gravjl 
pack,  and  into  tho  aquifer.     As  water  flowr?  out  of  the  bottom  of  the  well,   it  dislodges 
san«l  from  the  scr(M;n,  gravel  pack,  and  the  pores  of  the  form.ition  around  the  well. 

CAUTfON:     The  falling  water  may  cause  the  motor  and  impeller  to  turn  in  th(;  rev»  •"se 
direction.     Oo  not  attempt  to  turn  the  pump  on  during  this  time. 

nACKWASHING  AND  SUKOrNG:     When  surging  alone  does:  not  dislodge  the  sand,  bH-kwashing 
»nay  be  used.     Thi.?  prociMiure  consists  of  forcing  a  large  amount  of  water  dowii  the  well. 
If  bypass  pump  oonnections  'nave  not  been  installed,   remove  the  flap  from  the  check 
valve.     Open  the  discharge  valve  to  allow  water  from  the  storage  tank  to  rush  down  the 
well  casing.     If  the  screen  is  badly  clogged  or  the  well  is  badly  sanded  or  silted,  the 
well  will  quickly  fill  and  water  will   flow  from  the  vent  holes  in  the  pump  head.     AT  1 jw 
the  backwashing  to  continue  for  5  minutes,   then  close  the  backwash  valv*;.     Open  the  pump 
discharge  valvo  and  start  th-  pump.     Run  t^e  discharge  to  »tfaste  until  IKe  water  Is 
^lear . 

CAUTION:     Before  starting  the  wash  water,  he  sure  the  pump  and  mo^or  turn  freely. 

The  down  rush  of  water  rotates  the  pump  in  the?  reverse  dir»3j^t1on  and  may 
unscrew  the  pump  shafting. 

riAcKWASIUNG  AND  RACKBI.OW  I NG :     A  combination  of  backwashlnj;  with  •vai.c^r  .ind 
backblowing  wM  h  compn^ssed  air  may  b<»  used  if  the  pump  has  been  pul  ied.     Tho  oompr(?ss(?d 
afr  Increaso.s  th(»  surging  ac:tLon  of  the  wash  water.     It  also  acts  hs  an  air  lift,  uump  to 
r<»mov(*  the  dislodged  sand  frotn  tlio  well.     T)(;cause  of  the  complex  eq>iipt}<Mii   usod,  yon 
should  call  an  r!xpc>rlenced  contractor  lo  clean  wells  witli  this  .lothod. 

Concrete  casings  arr?  sni>Je(*.t  to  cracking  after  years  of  use.     This  may  allow 
contaminated  ground  water  to  enter  the  well.     The  joints  betwc»en  the  concrete  and  -he 
sanitary  seal  of  the  well  head  may  Separate,   letting  surface  water  flow  into  the  well. 
You  must  pull  and  repair  or  replace  the  cracked  casing,  and  repair  the  split  joints  of 
the  well  head. 

One  of  the  most  important  tasks  you  must  perform  when  operating       :  laiiitaining 
wells  is  conserving  the  ground  water  supply. 

Conservation  of  Groimd  Water 

There  is  a  limited  supply  of  ground  wat<:?r.     The  only  way  naturo  t::Lu  roplenis^i  this 
supply  is  through  that  step  of  the  hydrologic  cycle  known  as  infiltration.     You  must 
make  sure  that  pumping  water  from  wells  dof»s  not  deplete  the  ground  wati  r  supply.  Yoii 
can  do  tlii.^  by  balancing  th^  operation  of  t  ie  pumps  so  that  ground  wator  Is  not  t«ken 
from  the  wells  at  a  rato  faster  than  it  is  repl (inished.     Ralaiu^.lng  th<;  pumping  schednle 
also  reduces  wear  and  tear  on  the  pumps. 
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Thore  aro  .s,,mo  ar.-as  In  which  the  groufirt  water  has  heon  pumpe,!  nt  ,i  rnte  f,i.st,.r  than 
H  has  boon  replenished.     In  thos.   .iroas,  the  process  of  Hrtlflclally  r^.-harKinK  ^h<^ 
ground  water  has  b.-ori  devolnpod.     n,iring  thts  process  storm  water,  str.^am  flow,  or 
tr«>at.ed  wastewater  Is  piimpnd  or  allowed  to  soop  into  th.^  inpilfcjr. 

Not  only  must  yon  consorvo  ground  wator,   hut  yon  must  also  urovent  its 
contamination. 

I'rotcictlon  of  Oronncl  Wator  .Siippli,..>^ 

Protection  of  tho  ground  water  supplies  from  contamination  Includes  performlnr  a 
sanitary  survey;  and  protection  agulnst  contamination  from  tho  surfao.n.   und<^r«round,  and 
through  Improper  operation.  ^ 

SANITARY  SllRVRY:     You  must  porform  a  sanitary  survey  twice  a  year  to   l.iontify  and 
correct  any  condition  which  may  contaminate  the  wells.     Contamination  of   the  wells  may 
come  from  surface  water,  cesspools,   latrines,  septic  tanks  an,l  their  drmnaKo  fi.-lds. 
Sewer  lines,  and  unsealed  abandoned  wells.  "  ' 

PftOTRCTION  AGAINST  SURFArH  CONTAMINATION:     To  prevont  surface  w^i.  ,    from  nntorlnK 
and  contaminating  wells,  locate  thom  on  high  ground  when  possible.     Th,    wells  should 
also  b'.  as  far  as  possible  from  ponds,  lagoons,  barnyards,  and  outhm  sps  fp'-lvles).  If 

drainage  Is  not  available,  grade  th,-  surfac    of  tho  ground 
within  50  feet  ot  tho  well  so  that  water   flows  away  from  tho  well.     Pr„vld<.  a  fen.e  to 
Kerj)  livestock  at  least  50  feet  away  from  the  well.     Tin;  watertight  slab  of  the  woU 
viead  must  extend  at  least  18  inches  beyond  the  casing  to  pf.iverit  surface  water  from 
flowing  into  the  well. 

I'IIOTKCTHIN  ACAINHT  IINhKlMlltOMNIi  (.'ONTAM I  NATION  :     T..  prov.M.I   .on  tamlm.  I  ...I  K.-onnd  w;,|..r 
froQ  entering  a  well,   locate  the  well  from  latrines,   septic  tanks,  sub-.urfai:',!  drainage 
fields,  and  polluted  bodies  of  water.     The  distance  between  the  well  and  the  possible 
source  of  contamination  depends  on  local  conditions  such  as  the  direction  tn  which  the 
ground  water  Is  flowing,   the  tightness  of  the  soil,  and  the  rate  of  pumping. 

Although  you  have  taken  full  protective  measures  to  prevent  contamination  of  weMs. 
It  IP    ard  to  detect  all  possible  soures  of  jwllntlon.     Therefore,  yon  must  disinfect 
a(l  sources  oi  well  water. 

PROTECTION  AGAINST  CONTAMINATION  THROUGH  IMPROP..'R  OPKRATION.     To  guard  against 
cofitamlnatlon  through  improper  operation,  prime  the  well  pump  with  potabl.-  water  (water 
that  is  safe  to  drink).     Keep  the  drain  from  the  base  of  the  well  pump  open  and  free  of 
«)hstr!ictlons  so  that  -my  leakage  flows  a./ay  from         oump.     Disinfect  the  well  pump' 
before  you  Install  it  or  pfter  any  repairs  are  m-  w.. 

niS  INFECT  ION  OK  ""fELLS 

Yoii  must  ulslnfo.-.t  wells  after  they  are  initially  Installed,  each  time  the  snreon  Is 
cleaned,  each  *  ,«  pnmp  Is  pulled,  and  wh..>n  the  well  is  contamln/ifcert. 

PROCEDURES:     To  disinfect  a  well,   first  pump  the  water  In  tho  to  waste  for 

several  hours  to  remove  as  much  of  the  pollution  as  possible.     Then  calculate  the  volume 
of  water  in  the  well  to  determine  the  amount  of  chlorlno  solution  needed  (two  quarts  of 
solution  for  every  100  gallons  of  water  Is  recommended).     The  recommended  dosage  of 
chlorine  to  disinfect  a  wo>:  is  100  ppm.     Stronger  solutions  may  damage  pump  parts  or 
the  well  screen.     Pour  th-,  chlorine  solution  directly  Into  the  well   through  a  clean 
hose.     Connect  a  hose  to  '.■>:.  pn!np  discharge  and  direct  the  flow  of  water  back  Int.)  the 
well.     Operate  the  pump  uRtl?  you  detect  a  strong  cMorlno  odor.     Allow  the  water  to 
stand  In  th.'  well  for  34  ho.:r".     At  the  end  of  the  24-hour  period,  pump  the  water  in  the 
well  to  waste  until   the  chlorine  is  reduced  to  an  acceptable  level.     Obtain  samples  f.)r 
bacteriological  analysis  hofore  putting  the  well  back  Int..  service.     R.-f.-r  to  APR  91-26 
f«»r  further  lnformatl.)n  on  well  disinfection. 
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INSTRUCTIONS:  Complot*}  tho  following  qiiostlons.  You  may  consult  your  insiructor  If  you 
havo  any  quf»s(  Ions. 

U       What  Is  an  aquifer?  

2.  Til   t  th«>  two  typcis  of  aqiilfors. 
a, 

3.  hist  three  mothods  usnd  to  explore  for  ground  water, 
a. 

4.  List  thrno  t(>chnlqu«»s  used  to  (JonstrMic^t  well  holes, 
a, 

c» 

Which  nietho<l  of  wi'"*!  drUHng  has  r<»|)lared  tht*  down-holp  percussion  tiMthn Iquf*? 


6.       Wliiit  Is     11*  purpose  of  the  well  carding?     

7c       Wha.  h(?lps  support  the  hole,  keryps  large  rocks  out,  an(<  allows  thn  wuter  to  iftjl  r 
thp  wfj]  I? 


R»       What  Is  th<»  purposi?  of  gravel   packing  a  well? 
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9,       Mst  thr(M?  methods  used  to  ri?move  fint?  sand  from  the  s<*r<M>n,  grav(»l   pnc*  ,  aiui  Ih'? 
pores  of  the  formation. 

a. 

\0.     What  is  the  ri>comm<>nded  dosage  oT  chlorine  for  disinfecting  a  well?  
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f'ALClILATR  WRIJi  r.F:VRI.f< 

Th.J°?«ri'f*ir\"'^r'  r®"'"        dotermlm.  tho  capaclhy  .nd  performanno  of  a  well. 

loll      K^o^„r'iH  ^"*rt''yr:"2  pumping,  and  drawdown  lovls  of  wat^r  In  i 

Tfi-t'oH  ?r        f,?"  ;^erinltlons  of  static  level,  pumping  level,  drawdown,  and  other 
mf.t^^f.n  *1  rtetermlno  th.rso  water  levels.     You  must  also 

maintain  cirrent  re,.ords  related  to  the  operation,  maintenance,  and  testing  of  wells. 

noflnltloo  of  T(«rms 

..r  h'!*'!:^  ^TJ'''  r'"'  me.i.^nr.iments  are  necessary  fr,r  an  ucr.irate  determination 

or  th«.  capacity  of  a  well  and  for  its  operation  within  safe  llinlts.     For  a  hetter 
iinderstandlng  of  static  level,  pumping  level,  drawdown  and  other  r.,lated  terms  s..,.  th.- 
aorinitions  bo  low. 

STATIC  WATRR  i.'-.VKL:     Th-,  level  of  water  In  a  well  when  the  p.irrp  l.s  at  r<:«t. 

PUMPING  LEVRL:     The  level  of  water  In  a  well  while  th.-  pump  ls=  operating. 

DRAWDOWN:     The  is  the  distance  the  water  level  In  a  well  dr,)ps  .iue  to  pumplne 
(l^amplng  Level  -  Static  l-evel). 

°r  ^,^''''"^''*CK.'     When  water  Is  pumped  from  a  well,   a  depression  Is  produced  In 
V'''^^  ""'"'^'J''  '^'^  "^^^^  depression  Is  called  the  /..,n,.  of  Influence  see 

Tlgure  l-R).     Zones  of  Influence  of  wells  close  together  may  ovc.plau.     If  these  wells 
are  Pumped  at  the  same  time,  they  will  compete  with  each  other  for  the  ground  wat.^r  (see 
ilTTe  "  •"'^1  produces  less  wat.-r  than  If  It  were  op-raUng  hy 

1.1    a'  f"^'-.  *f'"n  a  *-^t«r  S'lpply  Is  taken  from  a  group  of  w.-lls,   those  belL 

olerlap'  "  "  '"'^  '"HMenee  d^  not 

f..J*t^^^^^  !^^^  maximum  number  of  gallons  per  minute  that  c.-.n  he  pumped 

that  the  nLn'nr  ^  ^  ^""r  Perlod.  During  this  tlm>  the  punplng  rate  Is  maintained  so 
the\^Ti  to  r.,S  dry!"  stationary.     An  incr-.^se  In  the  pumping  rate  would  cause 

nRSIHKf)  YIKW.     This  is  the  rate  at  which  the  well  is  expected  to  produce. 

SAFB  yiKI,D:     This  Is  the  rate  of  pumping  that  produces  a  drawdown  which  is  SO  .  r 

oZLtinl  U  "^"^  ^^'^  '^"'''■•^  """^  »""^Pe.l  M.  maximum  yl,.:d. 

Operating  the  well       t        .t'i  safe  yield  will  prolong  1 productive  life. 

drawrto^n^''^-»,„  ^^JJV:  4^!  'I'®  gallons  per  minute  pump.jd  per  foot  of 

drawdown,     ^^e  ^specKlc  capacity  is  not  the  same  for  each  foot  of  drawdown,   l.ut  Is 

lefl  on!!'hio  "        r  S'"*"^^-  'f'*  specific  capacity  of  a 

TettinSs?        ^  estimate  the  draw.lowns  tint  will  be  produced  at  different  pump 

Mathematical  Formulafi 

io...rh'"r.r"  r''",^'''"""?  water  lev-Is  in  a  well,  you  must  know  the  total 

ien  the  air  line  (also  kne.-n  as  the  telltale;.     It  enl.^i.Is  from  the  top  of  the 

Tie  le^2h  of    h    „T  5*^  '  "^^^   (•^''^  1-7).     Vou  can  find 

usualirl  lM  ^•^^''^r  ^^"^''y  reterrlng  to  AF  Form  996.  Well  Data  Form.     The  telltale  Is 
usually  a  1/4-incli  pipe  which  is  Installed  at  the  time  the  well   Is  constru.  te.l.  A 
bl-^ycle  tire  pump  and  pressure  gauge  are  attached  to  the  en.l  of  l.he  telUale  at  the 
ground  surface.     AT  Joints  must  he  airtight. 

fro  flTf  "T'  '°  p""Vort  the  jrsi  (pounds  p.-r  square  Inch)  on  the  pressure  ,(.iug.. 

mulltni^^^h**^"-'     ""^'J'^i  l!  "H""^!  to  2.31  fee^.     To  convert  the  gauqe  psl  to  feet, 
multiply  the  pressure  by  2,31  (feet  of  water  -  psl  X  2.:n).  s    1  ^ 

•STATIC  I.KVKI.:     This  As  the  height  to  which  the  water  In  the  well  rises  while  the 

ir«  l.i  t    IZ''^\  "ecause  water  tr.-nds  to  seek  its  owr    lov.-l.   It  will   ri:;e  In  the  air 
line  up  to  the  static  level. 
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Figure  1-7.     Using  Air  line  to  Find  Depth  of  Water  Level 
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The*  static  lovol  Is  rqwO   to  the  tol^l   length  of  the  air  line  minus   Mif?  psl  before 
pumping  timoR  2.31   f.Sl.ilic  I,evol  =  U^ngth  of  air  lino  -  (l>.SI   H\>  X  ^\:<ni.     With  rlM^ 

pump  shut  down,  apply  air  pressun^  through  the  bicycle*  tiro  pump  until    th  -  mv'iflo  ou  ti,i. 
pn*ssur<»  i^fiii^/i  m-.  longer  shows  :in  inr!re;i:?e  in  pressure.     The  reading  on   the  pressure 
g/iuge  shows  th<?  #;mount  of  air  pressi:re  n<»«Mled  to  force  th(j  standing  water  out  of  the  air 
line.     MiiUi?>ly  the  pressure  in  psi  by  2.31.     This  detc^rmlnes  the  h(*lrhi    of  the  water 
from  tlie  botl.jrv,  of  the  telltale  to  top  of   the  static   l#*  i?l.     Subtract   thr-  enlrulated 
height  of  wHter  from  th<?  bottom  of  the  air  line  from  th-  total  lenj^th  of  Mu>  telltale. 
This  is  th(j  ptal le  level,  whirh  is  measured  from  the  top  of  the  well   down  to  the  water 
level  • 

For  example,  assumt?  the  length  of  the  air  line  is  150  feet.     Assun^.  Uiat  the 
pressure  gauge  reads  25  psi  when  air  is  applied  to  the  air  line.     To  find  the  static 
le'         f  water  in  a  well,   multiply  25  psi  by  2.31   (25  X  2.31  =  57.75  feet).  Next 
s  t  the  height  of  the  water  from  the  bottom  of  the  air  line  from  the  total  length 

of  th*    telltale  (1^3  -  57.75  =  92.25  feet).     The  static  level  measured  from  the  top  of 
the  well  is  92.25  feet. 

PtiMPIIVG  LKVKr,:     This  is  thi^  height  at  which  water  stands  in  the  well  while  the  puno 
is  operating.     Since  the  water  level   falls  gradually  when  pumping  begins*   the  pumping 
level  is  df?termlneii  after  the  pump  operates  for  at  least  one  hour. 

Pumping  levol  Is  equal  to  the  total  length  of  the  air  line  minus  tUo  psi  while 
pumping  (WP)  times  2.31   f  Pumping  Level  ^  L«?ngth  of  air  lino  -  ( PS  i  WP  X  X.31)l.  Wien 
the  well  pump  has  been  operating  for  at  least  one  hour  and  the  water  level  has 
stabilized,  apply  air  pressure  through  the  bicycle  tirtj  pump  until  th(?  noodle  on  the 
pressure  gauge  no  longer  shows  an  increase  in  pressure.     Since  the  wat«?r  level   In  the 
•veil  Is  1  iw<'red  by  pumping,   the  amount  of  water  In  the  air  1?  ne  is  also  lowered. 
Therefore,  you  will  ne<?d  less  air  pressuro  to  force  water  out  of  the  telltale.  Multiply 
the  pressure?  in  psi  by  2.31.     This  determines  the  height  of  water  from  th«?  bottom  of  the 
air  line  to  thv  pumping  level.     Subtract  the  calculated  height  of  water  from  the  total 
liMigth  of  the  air  line.     This  gives  you  the  pumping  level  of  water  In  the  well,   which  ii 
determined  from  the  top  of  the  well  down   to  Mie  water  level. 

For  example,   assume  rhr  length  of  the  air  line  ii^  150  feet.     Assume  the  pressure 
gauge  reads  IR  psl.     First  you  convert  the  psi  to  feet  by  multiplying^  the  pressure?  by 
2.31  (18  X  2.31  ^-  '^I.5R  feet).     Next  you  subtract  the  calculated  height  of  water  from 
the  total  le  ngth  ;>f  the  air  line  (150  -  41.58  -  U;8.42  feet).     The  pumpirij',   h^vel,  which 
Is  measurr'd  from  the  top  of  the  w(?ll  down   to  the  wat   r  l(?vol,   is  108.42  fo(?t. 

DltAWnoWN:     fJrawdown   is  thn  distance  the  water  level   In  the  well   drops  du<;  to 
pumping.     It  (!an  h(?  dtjtermined  by  f  ne  of  th(?  foll   wiiig  methods: 

1.     Pumping  level  minus  stalilc  level.     Vnr  example,   108.42  -  92.25  =  16.17  feet  of 


Psi  before  pumping  (BP)  minus  psi  while  pumping  (WP)  times  2.31 

f(PSI  HP  -  PSI  WP)  X  2.311.     For  example,    (25  -  18)  X  2.31  -  7  X  2.31   =  16.17 

feet  of  drawdown. 

Thn  static  level,  pimping  level,  ft.nd  drawdown  tc^st  results  shouM  bt?  recorded  on  AF 
Form  907,   Oaily  Well   Activity  Rc^cord. 

Us(»  of  Ilecords 

Y.)u  must  keep  log>'  and  ri-cords  current  when  you  operate,   maintain,   and  test.  w(»lls. 
These  records  ar<?  very  important,  because  th(^y  are  the  only  way  you  can  st?*-  whai    i  » 
happening  at  the  bottom  of  the  well.     These  records  and  logs  sliould  include*  such 
information  as  static  and  ptimplng  water  levels,  drawdown,   and  gallons  pf;r  minute  pumped. 
Tliey  should  also  include  the  structural   detail  Is  of  the  well  or  wells. 

Comparison  of  the  data  listed  on  these  records  and  logs  may  help  you  anticlp«te  and 
c!Orre(;t  difficulties  iiefore  th(?y  become  S(?rlous.     The  following  exampl«\s  prove  tho  va^tje 
of  proper  1'^  maintained  records: 

?.     A  falling  static  level   may  Indicate  a  gradu;tl    lowerifig  water  t;ihlo. 


d  rawdown . 
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2. 


3. 


An  incroasofl  drawdown  may  show  rocoding  grotmd  water  l«vel ;  i  nf.er fRr.Mico  from 

scr^n^^^^^  °''  ^e^l^'^'-y  PlP-«:  -ncrusted  o;  corroded  well 

screens,  or  clogging  of  the  scroen.  gravel  pack,  or  por.,s  of  the  rock  formation. 

An  Increased  drawdown  whon  the  static  level   r^^r^alns  the  same  Is  cn.i.sod  by 
encrusted  or  corroded  screens,  or  clogged  sorbin  and  gravel  pack. 

Ih®  l^.'^'ll'^t  operation,  maintenance,  .-nd  testing  of  wells  aro  thr  well 

chart:  AP  Porn,  996,  Well  Data;  and  AF  Form  997,  Oally  Well  Activity  Record. 

WRl.t   CHART:     A  well  chart  is  a  profile  of  the  well  and  th,,  rock  formati,,.  . 

wrte;""l^ie'ffi     nulo'^^nd''  1^  r'"' 1^  ^'^^  '         ^'  th''<„..pths  r  f  the 

».iter  levels,   pump,  and  well  screen.     Tt  also  shows  tho    ■  -.l-H-    if  the  scre.-n  and  tl.o 

V-'^eTer^Jlirt'thriSl^-hl?;.  ^  ^^^'^^^  -    ^^"^  ^^^^ 


when^rhlTlff;  TmV'''''^.   *!  prepared  for  each  well.     It  Is  complef.l 

when  the  well  Is  built  and  is  brought  up  to  date,  whenever  the  well  Is  tested.     All  well 
data  forms  are  kept  on  file  i^-  *  notebook.     They  are  referred  to  when  repa^;  a r,-  made 
ZoZleTll  8"  TV'  iZVr  f^^r^^'V:  "-n.  996^  s  locally 

lnd/rtT",f7'  ^''-^ITY  RKCORD:     This  form  Is  completed  each  day.  It 

use  of  wells  and  pumping  equipment  by  alternating  the  periods  of  operation.     AF  Form  997 
v.aa  also  be  used  to  detect  changes  In  well  characteristics  and  conSltions?    This  form  is 
useful  when  .ieterrnlning  routine  maintenance  on  equipment.     The  dally  we5]  act  vlty 
record  Inc  udos  the  names  of  shift  operators,  breakdowns,  ..ad  otIu,.r  1  Jron^Ui ,  n  relat.-d 
to  the  dally    deration  of  wells.     AP  Form  997  Is  shown  In   figure  1-9  reiar.-.i 
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WhiX  DATA 


imALLATlON 

Hcwaestead  AFB,  v^lorlda 


mxi  NO. 

10 


KLKVATION  M     I LOCATION ~ 

6    above  Sea  Jv.'ir!!'f55-firL^''?->  fl  ^^''hjnd  }^r^tnr  Pnrr; 

T)r*illed  Well  w/rasing 


I  DATT  CONSIIJ  Vil-Ki. 

>   .  ,   


seventy  leet 

ORIG  tTTATIC  WAT..t<  LflVKL 
3  ft 

UATA    ...    .  ^ 
rU  iMpicity  jPuir.pink  level 


riAMCTER 

>12.-1nch  raBlag-  

seven  ft     _     _  _ 
*  AIB  LIW>:3  AND  Hk^.S 


Yes 


No 


sixty     

HfcCOVKHf  TIKI'' 

-.-iO.min  .  -  - 

SPECIFIC  CAPACITY  {(Wil  pt  r 


ft)  CPI5 


DRAWDOWN 


^  128 


I' 
u 


 WELL  PUfjff'irjn  RCttJirwfL. 

S^ert-We'^/urora  Pump  JZRlJ^yP?)  

;-4Jn'lON  '(Ft)    I'  SiV^  AHD  liaCW  jcOLUMN 

  -   -        Iff;AD  '    ' '     j  WJMbm  BOWLS~ 


FCAPACITY 
 iJLfiQGPM  .  - 


Abov<'  r.rnd 


SERIAL  NO. 
see  below 


TYPE 


STAimBY  POWER 


IIP 


Total 


IIAK£ 


SIZE  AND  TYPK 


RPU 

1  FRAME 

PHASE  1 

25 

1755 

'C284TF 

3  1 

60 


u/x>: 


NO,  stack: 
2 


VOLTA'-.K 
AAO 


SIZE 


DESCRIPTION 


CASINT.  AND  WELL  SCREFNINC  MATfltl'U.  USED 

Pump  Set.  //V75-71315  

Motor  Set.  ^HLJ827478 

Mod.  //5K6234XL519A 


SRrriNr. 


LENOni 
EAQI 


AF  FORM  996,  AUG  !5ft 


Figure  1-8.     AF  Form  996 

i-i^  ^  BEST  COPY  AVAIUBLE 
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KXKIUMSK   I  {  I-l-lh 


PART  I 


I VSTKlirrTIONS:  Complot/*  tho  following  (piustions.  You  may  (Consult  y.>iir  insnrucfiw  if  you 
have  nny  quc?stions« 

1.       Oeflno  static  level. 


2.       Dofine  pumping  lovel. 


3.       Define  drawdown. 


4.  How  many   Tvot  of  water  equal  onf*  psl?  , 

5.  Oalrtilato  the  static  l»:.vel  of  a  w(=»n  wl»on  the  air  lino  Is  700  fi^nt  lont;  and  the  psl 
before  pumping  Is  21.    


111  St  two  m<^th<MiR  you  can  us(»  to  determine  the  drawdown  of  a  well. 


7.       Determine  the  drawdown  of  a  well  when  the  psl  before  pumping  Is  20  ;ind  t>ie  psl 
while  pumping  Is  15.          


H,       l>etermlne  the  static  levtjl  ,  pumfilng  levf?l  ,  and  d^'awdown  of  >i  wf?  1 1  wfirn  th<f  .i  1  r  line 
Is  400  fer^t   long,   tho  psl   before  pumping  is  40  and  the  psl  whi!<^  pumping  is  2ft. 


INSTKilCTfONS :  Us<!  the  pror<»dur<ss  bolow  to  oporat<»  the  well  trainer  and  to  <',m  I  emulate 
static  levt^l,   pumping  lev<jl,  and  drawdown. 

OPKHATING   rNSTUUCTlONS  FOR  TKK  WKLL  TKAtNKK 

SAKKTY  PRKCAriTlONS 

1.  Remov<>  all  Jewelry  heff)re  operating  the  trainer. 

2.  Make  sure  that  I  lie  power  cable  Is  connected  to  an  outlet  with  a  third  ground 


PART  2 


wl  re. 


BEST  COPr  AVAILABLE 


PRELIMINARY  AnjUSTKRNT: 

Before  atti^mpti «,!  to  opnrato  tho  wall  trainer  vorlfy  that: 
I.     Amplo  wator  Is  In  thn  holiilng  tank. 
J?.     Tho  h').so  hlhb  Ir  fully  closod. 
3.     Both  br(?akers  are  In  the  OFF  position. 
NORMAL  OPRRATION: 

l^OTE:     Ohtam  the  length  of  the  air  line  Installed  In  the  well  from  y«nr 
instructor  hefore  you  determine  the  static  lovc.l    pSinK  ^evM 
and  drawdown  of  the  well  trainer.  Hiuipx  iK  invi.i, 

1.     STATIC  LKVRL 

X"s5r'e'B!uSe?'''''  '""^  """"^  Schrader  v:t7v«  att.nhe.i  to  the 

5'^'-"  "'■^  P"-"'*  ""t"  t'^'^  on  tin- 

preRSur.j  gaugo  no  longer  indicates  an  Incroaso  in  pressure. 

°*     J^^nf^n^r!?^"®  L^"  ^^^'^l-  """Itiply  the  maximum  pressure 

or  cne  air  lln«»  provided  hy  your  instructor. 

r„T?J«'     ^f^""""          ■^""S^*'  trainer  was  400  font 

and  the  maximum  pressure  on  the  gauge  was  10  psl. 
400  -  (10  X  2.31)  =  400  -  23.1  =376.9  feet. 

2.     PUMPINU  t.KVRL 

a.     Open  the  valve  to  discharge.     If  the  right-hand  tank  Is  full  of  wator 
^lirvirCe^Si^^heM'SSt!^"'     "  ''''  ^--^  f..[f!^;.l*^Jen 

"ioTnu^  ^^n^^'Hi°1''  ^I'^'^"?"  ^°  ^''•^        position.     The  hreaker  for  the 
the  llZjrliu.  left-hand  Side  of  the  circuit  hox.  and  tho  one  for 

trie  suhmersihle  pump  Is  on  the  right-hand  side. 

o.    The  pump  will  shut  off  automatically. 

d.     With  the  tire  pump  connected  to  the  pressure  gauge,  apply  oressurP 

i^i;lase^;'p?es^":?e?""'         '"'^''^  °"  '-^e?7nl'Stes  an 

^'     Jhe^gaugf  Sy  ril''""'s^hfr«'T;H ,       ''^'^  P^ssure  shown  on 

ine  gauge  by  2.31.     Suhl.ract  this  numher  from  the  length  of  the  air  Tine. 

Rxample:     Assume  the  psi  while  pumping  was  S. 
400  -  (5  X  2.31)  =  400  -  11.55  =  38«.45. 

'^e'.TTrL  Seir^JTiri^J^ir'^''"'"  °'         '''''  ^"''^^-^  «^-^^<^ 

Example:     388.45  -  376.9  =  11.55  feet  of  drawdown 
SHDTDOWN  PROCEDURES 

1.  Move  both  breakers  to  the  OFF  position. 

2.  Disconnect  the  power  cable  from  the  outlet. 
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SUMMARY 


Tne  Air  Pi>r(!t»  profors  to  uso  grDUinl  wntiM*  wIumi   It.   Is  aviillnhlo  Lii  qiiau  M  t  IfS  lar^if 
onoiigh  to  nK»«?t  \»r;it#?f  nc»f>fls.     It  Is  supplied  by  that  step  In  the*  hydrolo.ini  cyclo  known 
HS  Infiltration.     This  walr»r  t^xlsts  In  layers  of  rock  or  soil  below  tlu?  earth's  surface 
known  as  aquifers.     Bo(*:iaso  It  is  bt^low  th<»  surface  of  the  earth,   it  ounnot  bo  seen  by 
direct  observation.     Some  of  the  methods  used  to  explore  for  ground  wat(»r  are  searching 
for  existing  wells  and  looking  for  the  presence  of  sprlnj^s,   lakes  and  swamps. 
Dtjterminl ng  the  type?  and  abundance  of  vegetation  growing  in  an  ar«a,  geophysical 
methods,  and  <llgglng  tr»st  wells  may  hIsd  b*»  used. 

The  ground  water  is  obtained  by  drilling  a  well.     The  methods  used  to  drill  a  well 
are  down-hole  percussion,  rotary  drilling,  boring,  driving.  Jetting,  and  digging.  The 
Air  Force  uses  the  rotary  method  of  drilling  a  well  most  often.     Otxcn  the  hole  is 
cf>nstructed  the  other  components  are  installed  in  the  well.     The  well  components  are  the 
hole,  casing,   screen,  baSi?  plate,  gravel  pack  and  the  pump  assembly.     Some  of  the 
problems  that  may  occur  during  the  operation  of  the  wells  are  encrusted  or  corroded 
screens;  c!lt>ggod  screens,  gravel  pack,  and  pores  of  the  surrounding  rock  forrmitlon;  and 
cracked  casings.     One  of  the  most  important  tasks  you  must  perform  when  operating  wells 
is  to  conserve  the  ground  water  supply,  but  you  must  also  prevtitit  its  contamination. 
You  can  prevent  the  contamination  of  ground  water  by  p<jrforming  sanitary  surveys  and 
protH«:tI.ng  it  against  contamination  ^rom  the  surface,   underground  and  through  improper 
operation.     Tt  is  your  Job  to  disinfect  the  well  when  it  is  built,  each  time  the  screen 
is  cleaned,  each  time  the  pump  is  pulled,  and  when  th<?  well  Is  contaminated- 

Well  operation  and  maintenance  includes  conducting  well  tests.     Those  tests  include 
measuring  the  static,  pumping,  and  drawdown  levels  of  water  in  the  well.     The  records 
and  logs  used  with  the  operation,  maintenance,  and  testing  of  wells  are  the  well  chart; 
AF  Form  99B,  Well  Data;  and  AK  Form  997,  Daily  Well  Activity  Record.     These  records  help 
you  detect  problems  as  they  arise  and  can  help  you  extend  the  life  and  production  of  the 
w<»ll. 
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WATER  TREATMENT  PROCESSES 


OBJECTIVES 


Given  information  related  to  water  clarification,  match  statements  identifying 
the  facts  and  terms  which  pertain  to  water  clarification.  Six  of  the  nine  must  be 
correct. 

Using  information  about  water  softening,  identify  facts  and  terms  by  completii^ 
ten  statements.    Seven  of  the  ten  must  be  correct. 

Given  information  related  to  control  of  taste,  odor  and  color,  list  the  methods 
used  to  remove  taste,  odor  and  color  in  water  supplies. 

Given  information  related  to  water  treatment  processes,  match  facts  and  terms 
related  to  stabilization,  disinfection,  fluoridation  and  def luorida tion.    Six  of  ten 
must  be  correct. 

INTRODUCTION 

You  will  never  find  pure  water  in  nature.     Ail  of  the  water  that  you  will  find  in 
nature  will  have  some  minerals  and  organic  matter.     Water  may  contain  small  amounts  of 
some  minerals  or  organic  matter  and  still  be  fit  to  drink  and  use.     For  human  use,  the 
water  must  be  free  from  disease,  poisons,  and  excessive  amounts  of  minerals  and  organic 
matter.     If  It  is  at  all  possible,   the      ter  should  be  clear,  cool  and  free  from  bad 
odors  and  taste. 

An  adequate  supply  of  good  water  is  essential  to  the  success  of  any  operation  where 
humans  are  involved.     Water  is  much  more  essential  to  hurajins  than  food.     A  human  may  go 
as  much  as  thirty  days  with  out  food,  but  they  can  not  go  more  than  a  few  days  without 
wa  ter. 

As  an  Environmental  Support  Specialist,  it  is  your  job  to  provide  an  .^oequate  supply 
of  good,  odor  free  water,  not  only  to  the  troops  in  the  field,  but  also  to  the  troops  in 
the  rear  areas  that  are  supporting  the  troops  in  the  field. 

This  study  guide  does  not  cover  all  of  the  information  on  this  subject.     A  copy  of 
AFR  91-26,  Maintenance  and  Operations  of  Water  Supply,  Treatment  and  Distribution 
Systems  should  be  obtained  and  researched  for  complete  details. 


The  term  clarification  means  the  clearing  or  freeing  of  the  water  from  floating  or 
submerged  debris,  such  as  mud,  clay,  and  living  or  dead  aquatic  organisms  or  growths, 
or  other  suspended  material  to  produce  a  relatively  clear,  clean  liquid-     The  processes 
included  under  this  term  are  screening,  and  sedimentation,  either  plain  or  with  coagu- 
lants.    Due  to  the  increase  in  pollution  of  our  water  sources,   the  sedimentation  process 
alone  often  is  not  sufficient  and  must  be  followed  by  filtration.     Plain  sedimentation 
is  now  being  replaced  by  mechanical  and  chemical  treatment.     This  helps  to  reduce  the 
size  of  the  units,  adds  to  efficiency  and  improves  the  water  quality.     Coagulation  and 
sedimentation  is  usually  followed  by  filtration  with  disinfection  as  a  precaution 
against  discsase  germs.     The  type  and  degree  of  treatment  required  will  depend  on  tlie 
nature  of  the  raw  water,  which  will  vary  widely,  depending  upon  its  source.  Ground 
water  from  wells  may  require  only  disinfection.    Other  ground  water  may  contain 
undesirable  minerals  such  as  iron.     Surface  waters  are  more  likely  to  be  contaminated 
and  have  more  turbidity.     They  usually  need  coagulation,  sedimentation,   filtration  anci 
disinfec  tion. 


INFORMATION 


CLARIFICATION 


TERMS  EXPLAINED 


^'^st'-or  rSc^i  •  '"-'-i 

mulr.'    '°  "  *  "  »^»""  Oy  treeing  ,ro«  suspended 

5.      CURIFICATION:    Process  to  become  clear. 

S?n"r";c't  to'  Scrrkoc"""  "  "2"''*>5  "  ^'"3  tn.t  .„en  added  to  .at.r 

Z^^^^.  fnTJn'  s-;sJ^nf.o^'iJ%o'?:tro-'J.Jjs'  tT-^Sfie-Jt""  " 
9.      DHIIKEIIALIZE:    To  remove  the  mineral  matter  from  the  water. 

K'S";;  re'^S.rsS'JIndldl'fi"?:  '  »  "»er 

"i'??°fiot;er:f'?irci:jrs;L-^^ 

12.    HAIHTEMHCE:    The  upkeep  of  property  or  equipment. 

s^d'SLTL'io  It^'tll^Ht^""'  """""  »'  ".pension,  to  fall  or  come 

14.    SOLDTIOW:    A  lUuld  containing  a  dissolved  substance. 

^"lidlircJ'eSSiJno'Ial^J!''"'  -""-'"y  .PP"-  I.  a  specified  situation. 

a"Sl"n"e  o^'foSJ^^L?'""''''  '» 
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TABLE  1  ~  SOURCE  AND  SIGNIFICANCE  OF  DISSOLVED  MINERAL 
CONSTITUENTS  AND  PROPERTIES  OF  WATER. 


Constituent 


cr 

Property 

Source  of  Cause 

Significance 

Silica  (SIO2) 

Dissolved  from  practically 
all  rocks  and  soils,  com- 
monly less  than  30  ppm. 
High  concentrations,  as 
much  as  100  ppm,  generally 
occur  In  highly  alkaline 
waters . 

Forms  hard  scale  In  pipes  and 
boilers.    Carried  over  In  steam 
or  high  pressure  boilers  to  form 
deposits  on  blades  of  turbines. 
Inhibits  deterioration  zeolite- 
type  water  softeners. 

Iron  (Fe) 

Dissolved  from  practically 
all  rocks  and  soils.  May 
also  result  from  the 
corrosive  action  of  water 
on  unprotected  Iron  or 
steel  mains,  steel  well 
casings,  and  pumps.  Sur- 
face waters  may  contain 
appreciable  amounts  of 
Iron  originating  from 
Industrial  wastes  or  from 
acid  runoff  from  mining 
operations. 

On  exposure  to  air.  Iron  In 
ground  water  oxidizes  to  reddish- 
brown  precipitate.    More  than 
about  0.3  ppm  stain  laundry  and 
utensils  reddish-brown.  Objec- 
tionable for  food  processing, 
textile  processing,  beverages. 
Ice  manufacture,  brewing,  and 
other  processes.     USPHS  (1962) 
drinking  water  standards  state 
that  Iron  should  not  exceed  0.3 
ppm.  Larger  quantities  cause 
unpleasant  taste  and  favor 
growth  of  Iron  bacteria. 

Calcium  (Ca) 
and 

Magnesium  (Mg) 

i 

Dissolved  from  practically 
all  soils  and  rocks,  but 
especially  from  limestone, 
dolomite,  and  gypsum. 
Calcium  and  magnesium  are 
found  In  large  quantities 
In  some  brines.  Magnesium 
Is  present  In  large 
quantities  In  sea  water. 

Cause  most  of  the  hardness  and 
scale-forming    properties  of 
water;  soap  consuming  (see  hard- 
ness).   Waters  low  In  calcium  and 
magnesium  desired  In  electro- 
plating, tanning,  dyeing,  and  In 
textile  manufacturing. 

Sodium  (Na) 
and 

Potassium  (K) 

Dissolved  from  practically 
all  rocks  and  soils. 
Found  also  In  oll-field 
brines,  sea  water, 
Industrial  brines,  and 
sewage. 

Large  amounts.  In  combination 
with  chloride,  give  a  salty 
taste.    Moderate  quantities 
have  little  effect  on  the  useful- 
ness of  water  for  most  purposes. 
Sodium  salts  may  cause  foaming 
In  steam  boilers  and  high  sodium 
content  may  limit  the  use  of 
water  for  Irrigation. 

Bicarbonate 

(HCO3)- 
and 
Carbonate 

(CO3)- 

Action  of  carbon  dioxide 
in  water  on  carbonate 
rocks  such  as  limestone 
and  dolomite. 

Bicarbonate  and  carbonate  produce 
alkalnlty.    Blcarbonates  of 
calcium  and  magnesium  decompose 
in  steam  boilers  and  hot  water 
facilities  to  form  scale  and 
release  corro&lve  carbon  dioxide 
gas.     In  combination  with  calcium 
and  magnesium,  cause  carbonate 
hardness. 
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TABLE  1  (Continued) 


CoDStl  ttient 
or 

Property 

Source  of  Cause 

Significance 

Sulfate  (SO4)* 

Dissolved  from  rocks  and 
soils  containing  gypsum. 
Iron  sulfides,  and  other 
Eulfur  compounds*  Com*-* 
only  present  In  some 
Industrial  wastes. 

Sulfate  in  water  containing 
calcium  forms  hard  scale  in  steam 
boilers.     In    large  amounts, 
sulfate  in  combination  with  other 
ions  gives  bitter  taste  to  water. 
USPHS  (1962)  drinking  water 
ctandards  recommend  that  the  sul- 
fate content  should  not  exceed 
250  ppm. 

Chloride  (CI)- 

Dissolved  from  rocks 
and  soils.    Present  In 
sewage  and  found  In 
large  amounts  In  oil- 
field brines,  sea  water, 
and  industrial  brines. 

in  large  amounts  in  combination 
with  sodium,  gives  salty  taste  to 
drinking  water.     In  large  quanti- 
ties, increases  the  corrosiveness 
of  water.     USPHS  (1962)  drinking 
water  standards  recommend  that 
the  chloride  content  should  not 
exceed  250  ppm. 

Fluoride  (F)- 

Dissolved  in  small  to 
minute  quantities  from 
most  rocks  and  soils. 
Added  to  many  waters  by 
fluoridation  of  municipal 
supplies. 

Fluoride  in  drinking  water 
reduces  the  incidence  of  tooth 
decay  when  the  water  is  consumed 
during  the  period  of  enamel 
calcification.    However,  it  may 
cause  mottling  of  the  teeth, 
depending  on  the  concentration  of 
fluoride,  the  age  of  the  child, 
amount  of  i:rinking  water  con- 
sumed, and    susceptibility  of  the 
individual  (Ifaier,  P.  j. ,  1950). 

Nltrate  (NO3)*- 

Decaying  organic  matter, 
sewage,  fertilizers,  and 
pitrates  in  soil. 

1 

Concentration  much  greater  than 
the  local  average  may  suggest 
pollution.    USPHS  (1962)  drinking 
water  standards  suggest  %  limit 
of  45  ppm.    Waters  of  high 
nitrate  content  have  been 
reported  to  be  the  cause  of  meth- 
omoglobinemia  (an  often  fatal 
disease  in  infants)  and  therefore 
should  not  be  used  in  infant 
feeding.    Nitrate  has  been  shown 
Lu       ueipiui  in  reducing 
mtercrystalline  crocking  of 
boi ler  steel .     It  encourages 
growth  of  algae  and  other 
organisms  which  produce 
undesirable  tastes  and  odors. 
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Coagulation/Flocculation 


Do  you  know  how  that  dirty  water  from  a  lake  or  river  is  cleared  up  and  made  fit  or 
safe  to  put  in  your  body.    When  you,  I,  and  all  our  loved  ones  turn  the  tap  rn  to  get  a 
glass  of  water,  do  we  stop  to  think  just  what  has  taken  place  to  those  little  water 
molecules  in  order  to  rid  it  of  dirt,  clay  and  any  other  debris  that  would  cause 
turbidity  in  the  water.     It  is  the  removal  of  suspended  solids,  turbidity,  that  this 
section  will  deal  with. 

You  will  need  to  know  that  coagulation  is  to  cause  to  change  from  a  fluid,  or  a 
dissolved  solution,  to  a  solid  mass  by  the  use  of  chenicals.  The  mass  or  the  clots 
formed  by  this  action  i3  called  a  "floe."    It  is  the  purpose  of  the  "floe"  to  come  in 
contact  with  the  suspended  matter  in  the  water  and  grow  in  size  and  weight  until  it  will 
come  out  of  solution.  The  "floe"  plus  the  turbidity  that  settles  out  is  called  sludge. 
The  "floe"  is  formed  by  adding  to  the  water,  in  the  rapid  mix  tank,  a  cfci^emieal  known  as 
a  coagulant.    Coagulants  come  in  two  main  groups,  aluminum  and  iron.    The  most  common 
ones  are  Aluminum  Sulfate  (AI2  SO4),  Alum,  which  when  put  in  the  water  that  has  a 
proper  alkalinity  range  will  ionize  and  form  A1(0H)3  which  is  insoluble  and  will 
settle  out.    The  iron  coagulants  forms  a  heavy  "floe."    The  most  common  ones  are. 
Ferrous  Sulfate  FeS04,  Copperas,  Ferric  Sulfate  Fe2(S04)3,  Ferric  Chloride 
FeCl3.    The  iron  "floe"  falls  out  of  solution  as  Ferric  hydroxide  Fe(0H)3.  There 
are  three  steps  in  coagulation.    As  the  coagulant  dissolves  positive  ions  of  aluminum  or 
iron  it  will  neutralize  the  small  particles  of  suspended    matter  such  as  colloidal  clay 
and  color.    This  is  the  first  step  of  the    coagulation  reaction.    For  the  best  effi- 
ciency during  the  first  step  the    coagulant  should  be  added  to  the  incoming  water  in  a 
rapid  mix,  specially  designed  mixer  or  a  primary  measuring  device  such  as  the  parshall 
flum  may  be  used,  for  quick  even  mix  with  the  coagulant  and  the  raw  water  influent,  this 
must  be  accomplished  before  the  second  step  of  treatment  can  occur.    The  second  step  i.s 
part  of  f locculation,  and  is  accomplished  in  a  long  narrow  tank  that  is  about  fifteen 
feet  deep.     If  you  could  look  in  this  tank  you  would  find  some  large  paddle  wheels  like 
you  would  expect  to  see  on  a  old  time  steam  boat.     These  large  paddles  turn  the  water  in 
the  tank  at  a  ve^y  slow  rate  of  speed  so  as  to  let  the  coagulated  water  come  in  contac?^ 
with  all  of  the  clay  and  dirt  that  is  in  the  water.    As    you  look  in  a  slow  mix  unit 
during  operation  you  will  see  small  specks,    or  balls  forming  in  the  water.     In  the 
third  step  of  coagulation/f locculation  we  have  a  continuing  of  the  floe  growth.     In  the 
first  step  we  had  an  electric  attraction  between  the  ions  in  the  floe  and  the  potential 
of  the  mud,  clay  and  other  particles  in  the  water,  in  the  second  step  you  had  a  slow  mix 
or  stir  of  the  floe.    Now  in  this  step  the  floe  grows  by  coming  in  contact  with  the  mud 
and  dirt  that  is  present,  since  the  floe  is  sticky  the  turbidity  in  the  water  will  stick 
to  the  surface  of  the  floe  and  get  large  enough  to  settle  out  to  the  bottom  of  the 
settling  tank. 

When  you  add  a  coagulant  to  the  water  to  form  a  floe,  there  must  be  the  right  amount 
of  alkalinity  in  the  raw  water  to  react  with  the  coagulant.     If  the  raw  water  does  not 
have  the  best  alkalinity  range,  then  lime  or  soda  ash  can  be  added  to  raise  the 
alkalinity  to  a  higher  level. 

Equipment  and  chemicals  and  procedures  for  the  coagulation/f locculation  process  have 
to  match  the  type  of  water  being  treated.     This  is  found  out  by  the  jar  test  which  will 
be  covered  later  in  this  unit. 

The  way  you  would  do  the  steps  to  form  a  good  floe  would  be  to  first  of  all  add  the 

coagulants  and  coagulant  aids  at  a  given  rate  for  the  amount  of  raw  water  coming  into 

the  plant.    This  is  done  by  using  the  right  chemical  feeder  for  the  chemical  being  fed. 

Such  as  a  dry  feeder  for  lime  or  soda  ash  and  a  hypochlorinator  for  liquids. 

Since  the  first  reaction  in  the  process  of  coagulation  is  a  chemical  reaction  you 
will  need  socx?  method  of  mixing  the  water  and  coagulant  together  very  fast  and  even. 
Rapid  or  the  flash  mix,  as  it  is  sometimes  called  is  made  to  give  from  one  and  one  half 
to  two  and  one  half  minutes  of  flash  mix.     The  speed  of  this  first  flash  mix  should  MOT 
be  less  than  five  feet  per  second.    Rapid  or  flash  mix  can  be  done  in  one  of  several 
ways;  pumps,  aero-mixers,  turbomixers,  hydraulic  pumps*  agitated  mixing  chambers, 
mechanical  stirrers  and  by  using  the  parshall  flums.     Figure  10  shows  a  flash  mixer. 
Although  a  parshall  flume  is  a  primary  portion  of  a  flow  measuring  device,  you  can  use 
it  as  a  very  good  and  cheap  rapid  mix,  since  one  is  needed  to  give  the  flow  of  the 
incoming  water  anyway,  and  since  it  does  not  need  a  power  source  to  run  it,  this  makes 
it  verjT    desirable  to  use  as  a  fast  mix.     The  coagulants  and  coagulant  aids  are  as 
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OVERFLOW 
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Figure  2-1.    Plash  Mixer 


th«  «tii'°i«®J««*°*fH*°.!''®  effective  pH  values  should  be  recognized.     If  you  find  that 

level    since  M^f  f«  -  f  J>         L  ?  ^*  'o^^**  ^^'^^  ""e  to  raise  the  pH  to  that 

coppeJ^sr  ?er?lo^its  frf 'mAoi  °'  coagulation  wider  than  that  of 

^hifZ*     \  '""^^^  ^'^e  "uoh  nore  corrosive  to  use  than  copperas.    When  vou  add 
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coagulation  and  in  keeping  the  basin  free  of  algae.     The  best  pH  to  have  when  using 
chlorinated  copperas  is  from  5.0  to  11,0  with  the  very  best  results  noted  when  the  water 
is  on  the  alkaline  side  of  the  pll.     Ferric  sulfate,  ^©2(804)3,  is  used  in  some 
treatment  plants,  but  it  has  to  have  a  special  solution  Hrranrromeni   bemuse  of  it?:  -rlow 
solubility  in  cold    water.     Ferric  chloride,  FeCl3,  can  be  made  at  the  water  plant  by 
passing  chlorine  solution  over  some  scrap  Iron,  or  it  can  be  bought  as  a  solid,  powder, 
or  a  solution.    When  used  with  the  erdlator  it  i£  obtained  in  one  pouud  bags  for  ease  of 
mixing  the  correct  concentration  of  feed  dosage. 

Coagulant  aids  do  not  form  or  make  the  floe  when  they  are  added  to  the  water  alone. 
The  aids,  when  added  to  the  water  that  has  a  coagulant  in  it,  makes  the  floe  tougher  and 
stronger  so  that  it  will  have  a  better  settling  rate,  and  not  break  up  as  easy  when  the 
water  is  run  through  the  plant  at  a  faster  than  normal  rate  of  flow.     The  most  common 
used  coagulant  aids  are  lime,  soda  ash,  chlorine,  activated  silica,  organic  polymers  and 
bentonite  clay. 

Lime  is  used  to  raise  the  pH  of  the  water  to  the  best  alkalinity  level  for  the 
coagulant  being  used.     It  can  be  added  either  as  calcium  oxide  (quick  lime)  ;/hich  reacts 
with  the  water  and  forms  calcium  hydroxide,  or  you  can  add  calcium  hydroxide  (slaked 
lime),  both  of  these  forms  of  lime  are  fed  by  a  dry  chemical  feeder.    Lime  is  also  added 
to  the  water  for  softening  and  will  be  covered  in  more  detail  later. 

Sodium  Carbonate,  its  common  name  Is  soda  ash.     Soda  ash  is  used  to  rp.ise  the  pH  or 

alkalinity  of  the  water  and  is  also  used  to  soften  the    water.  Like  lime  it  can  be  fed 

with  a  dry  feeder.     It  is  more  expensive  than  lime  but  you  will  find  that  a  shorter 
coagulation  time,  is  required  with  soda  ash  than  with  lime. 

Chlori ne  is  or  can  be  added  to  the  water  for  many  reasons.     When  you  use  it  as  a 
coagulant  aid  it  will  convert  ferrous  sulfate,  a  coagulant,  to  the  ferric  sulfate  and 
ferric  chloride  forms  so  it  will  ])recipi tate.     When  it  is  added  to  sodium  silicate  it 
will  react  to  form  activated  silica  which  is  used  by  plants  that  operate  near  or  over 
their  normal  operating  rate  of  flow* 

Activated  silica  is  made  by  adding  sodium  silicate  plus  chlorine,  it  works  well  with 
water  that  is  very  low  in  turbidity. 

Organic  polymers  are  aids  that  have  molecules  which  consist  of  long  chains  of  atoms. 
This  long  chain  of  atonis  has  many  reaction  groups  or  *?ites  all  along  the  full  length  of 
the  chain.    An  example  of  the  way  that  it  groups  together  is  starch  or  cellulose. 

Bentonite  Clay  aids  by  providing  a  solid  surface  where  the  first  formation  of  the 
floe  can  start  to  grow  in  size  and  gain  weight  so  that  it  can  fall  out  of  solution.  You 
would  use  the  clay  in  water  that  has  colloidal  solids,  suspended  matter  too  small  to 
settle  out  under  normal  treatment. 

The  coagulant  dosage  required  for  the  raw  water  is  based  on  a  number  of  things;  the 
pH,  temperature,  turbidity,  dosage,  time,  chemical  composition,  and  the  speed  of  mixing. 
Some  of  these  things  you  ^ill  not  be  able  to  measure p  so  it  will  be  impossible  for  you 
to  calculate  the  amount  of  coagulant  to  use  by  a  theory  or  formula.  One  way  that  you  can 
find  out  the  dosage  to  use  is  by  the  Jar  test. 

The  Jar  test  is  used  to  find  the  minimum  amount  of  coagulant  thnt  will  form  a  pin 
head  size  floe  and  settle  out  leaving  the  water  clear.  The  dosage  should  l>c  such  that 
not  more  than  15  Mg/L  of  turbidity  goes  over  into  the  filter*     In  all  cases  you  should 
make  sure  that  all  of  the  water  entering  the  filter  bed  has  been  flocculated  and 
settled.     One  way  to  tell  if  this  action  has  taken  place  is  by  looking  to  see  if  the 
water  between  the  small  particles  of  floe  is  clear.  You  can  find  the  procedures  for 
performing  the  Jar  test  in  the  566X1  CAREER  LADDER  LABORATORY  MANUAL  ALL  COURSES. 

Flocculatlon 

After  the  water  leaves  the  fast  mix  area  the  flow  rate  of  the  water  should  be  slowed 
to  a  speed  of  0.75  to  1.0  feet  per  second  for  a  period  of  20  to  30  minutes.     Note:  that 
excessive  stirring  of  the  coagulated  water  would  break  up  the  small,  light,  loosely 
bound  floe  and  then  the    proper  settling  tank.     Slowing  the  flow  rate  down  is  done  by 
changing  the  water  flow  from  a  narrow  shallow  flow  to  a  wide,  deep  flow  in  the  floccu- 
lator.     The  flocculator  has  large  paddles  that  covers  the  entire  width  of  the  tank  and 
gently  stirs  the  water  so  that  the  coagulated  water  will  come  in  contact  with  all  of  the 
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Figure  2-2.    Rotary  Flocculating  Equipment 

Sedimentation 

<lecrefrtir;i^'lSf  J°  the  process  of  re^Mng  settle.hle  materials.    This  Is  done  h, 

Jss:ii:5.*v.rpirScM  it^^i^x  -uijj  ?;  tit.  'Jir^.it^°iL^ivi]"I' 

sefSeiSaM^^ 

basins.  In  which  the  speed  can  be  controlled.  a  "  m  specially  Dullt 

for  tVr:^^v^l*S^^^:^J^:;^,?fJl°?f "fuauy  fouows  «lxl„g  and  flocculatlon. 
flocculatlon  a  satlsfactJSv  ffi?li  1*5?  filtration.     In  all  probability,  with  effective 
sedlmentalJSn    Kt  the  fJIL^i  ^o^ih    J"*"*  could  be  produced  without  the  use  of 

so  hlgh^*;a^°"the"^r^^%s"i^u^':  iTLT.citZir'''''' '""^  ^ 
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A  sedimentation  basin  is  a  structure  through  which  water  flows  at  such  an  extremely 
low  velocity  that  suspended  material  will  settle  towards  the  bottom  of  the  basin,  with  a 
relatively  clear  water  passing  out  of  the  tank.     In  general,  detention  periorts  (volume 
of  basin  divided  by  rate  of  flow  through  the  basin)  between  four  and  five  hours  and 
hori/.ontal  velocities  loss  than  three  (one  or  two)  feet  per  minute  are  specified.  It 
shdulU  bo  emphasized  that  present  practice  Is  to  remove  as  much  floe  and  other  settlc- 
uble  material  as  fKjssiblo  by  coagulation  and  sedimentation.     This  increases  rates  of 
filtration  and  length  of  filter  runs,  without  deterioration  of  finished  water  quality. 

Probably  the  most  important  features  in  the  operation  of  a  sedimentation  tank  are: 
(1)  the  introduction  of  water  into  the  tank  with  a  minimum  turbulence,  (2)  the 
prevention  of  short  circuiting  or  direct  currents  between  inlet  and  outlet,  and  (3)  the 
removal  of  the  effluent  with  a  minimum  disturbance  so  thr  t  settled  material  will  not  be 
carried  out  of  the  tank. 


The  filtration  process  is  an  important  part  of  water  treatment.  When  used  to  filter 
water  for  human  use,  it  removes  fine  inorganic  and    organic  materials.     Incidentally  it 
may  reduce  the  bu^cterial  content  and  the  contaminants  which  cause  taste  and  odor.  The 
objective  of  filtration  is  to  produce  a  clear  sparkling  water. 

Water  filters  are  classified  into  two  types;  slow  sand  and  rapid  sand  filters.  Both 
filters  can  be  used  in  Air  Force  installations;  however,  the  rapid  sand  filters  are  the 
most  commonly  used. 

SLOW  SAND  FILTERS:     These  filters  contain  fine-grain  sand  and  have  low  filtration 
rates.     These  are  normally  used  when  coagulation  l^y  not  included  in  the  treatment 
process;  however,  use  of  slow  sand  filters  by  the  A  r  Force  has  been  practically 
discontinued  because  of  their  initial  high  cost,  the  high  cost  of  labor  required  to 
clean  them,  and  the  large  surface  area  of  land  required. 

RAPID  SAND  FILTKRS:  These  filters  arc  normally  used  by  the  Air  Force  in  modern  water 
treatment  plants.    The  two  types  of  rapid  sand  filters  discussed  are  gravity  and 
pressure. 

GRAVITY  FILTERS.     See  figure  2-2.     Gravity  filters  are  usually  open  top  rectangular 
concrete  boxes  about  ten  feet  deep.     An  underdrain  system  at  the  bottom  of  the  gravity 
type  filter  is  covered  by  about  12  inches  of  gravel  which  in  turn  supports  a  24  to  30 
inch  layer  of  fine  filter  sand  or  other  filtering  agent  (see  figure  2-3). 


Filtration 


CONCUf 
^"LUk  TANK 


Figure  2-3 


Gravity  Type  Rapid  Sand  Filter 
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Figure  2-4.    Cutaway  of  Gravity  Type  Filter 

foot  can       ?Htererdu?l„raJ'ei^r^I^^;  ff  ""f"  *f  Pe^"  square 

tatlon  produces  ve??  JSJ  SSrSIdf^^aSf  If  n^e^M^rf^l^^f"*  flocculatlon  and  sedlmen- 
dlslnfectlng  the  water  effi^fln^i^    *         pre-chlorl nation  and  post -chlorl nation  are 

operate "  ue'r5%r^:jef  f  ;n'si^r„,xrien5..VK;t?'''         ■=-*»" '» 

quarJz'or'qS^Slue^iiJlr'ur"  i?e"aJ«tf  "fif'^V"  K'-^l"^  °'  '^le'^- 

course,  the  size  of  Se  saSd'wSn  Sl?i  L'.iL*'^  between  0.35  and  0.70  millimeters.  Of 
rate.  *      "  index  to  determine  the  filtration 
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other^LS.^^^^^^^^^^^^^^  T^-^-- 
^S,  ""e™i%T:i;er';olJor?JeelX*?hTu;;^^ 

wash  water  to  all  parts  of  the  sanH  in         "°1e'^1"ln;  and  (3)  it  aids  In  distributing 
are:     (1)  it  mSs{  ?SSsf  o^LrS    riSnLS    fn^di^^^hfo- ^e  met 
pounds  per  cubic  foot-  »nH^^r;?                '  pebbles;  (2)  It  must  weigh  lOO 

*f^«?^fi^r  Features.    The  purpose  of  underdralns  Is  to  provide  an  outlet  for  the  water 
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Figure  2-6.    Underdraln  System 

The  purpose  of  the  rate-of-flow  controller  (see  figure  16)  is  to  reeulat«  th« 

bed  18  first  put  into  operation  or  if  it  has  been  waslied  reoentlyT  the  water  will  flo- 
through  it  too  rapidly  for  effective  filtration.  As  a  result,  the  filter  oJt7it  n„r 
Till  ?or:Un*'2^t%1r*^hTf??.*'f/'°:,°'  '""^  ^«  tSe'JiUe?  JeJ^SecoSes'J iJgJ^d 

JeSIlced^i^Sr^r^o'mifnti  ""sJable^  restriction  will  thefbe 

rs?Su"i^?he";r;t"  '-tJi^ 

lltulll  ^r^^r^  differentials  will  be  prodLeS  bylhe  JenLJl  ?lS^  Inl  Tll 

n»^?f  '^^lye-  The  balanced  valve  in  turn  will  affect  the  flow  mte  ti 

partially  opening  or  closing  the  flow  valve.  ^ 

th^  ^*5®"°5"rj°''  Indicator.  The  flow  rate  of  the  water  out  of  the  filter  is  measured  bv 
operating  floor  where  it  can  be  observed  by  the  operator.        "''^^^  Installed  on  the 
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Figure  2-7.     Rate-of-Flow  Controller 

In  some  equipment  it  will  be  included  with  the  loss-of-head  gage  or  the  rate-of-flow 
controller.    This  gage  must  be  observed  frequently  since  a  constant  and  controlled  rate 
of  filtration  is  necessary.    Changes  in  the  filtering  rate  may  c;.^use  breaks  in  the 
filter  bed  which  would  allow  portions  of  the  water  to  pass  through  the  filter  without 
being  filtered. 

Loss-Of-Head  Gauge.    As  the  water  passes  through  the  filter,  foreign  matter  is 
deposited  in  the  filter.  This  foreign  matter  produces  a  greater  resistance  to  the  flow 
of  the  water  through  the  filter  bed  and  underdrain;  consequently,  there  is  a  loss  in 
head  pressure  between  the  inlet  and  outlet  of  the  filter.    This  loss  of  head  pressure  is 
measured  by  the  loss-of -head  gauge  (see  figure  2-8).    This  gauge  is  operated  by  two 
floats,  one  at  the  surface  of  the  water  in  the  filter  and  the  other  at  the  static 
operating  level  of  water  in  the  underdrain.    These  two  levels  of  pressures  will  be 
reflected  by  the  calibrated  face  of  the  loss-of-head  gauge  and  portrays  a  very  accurate 
guide  for  efficient  filter  operation.    This  gauge  should  be  checked  periodically  for 
operation  and  accuracy.    Loss-of-head  gauge  erratic  readings  can  identify  such  problems 
as  (1)  cracks  in  the  filter  bed  surface,  (2)  improper  operation  of  the  rate-of-flow 
controller,  (3)  malfunctioning  automatic  outlet  valves,  and  (4)  the  need  for  washing  of 
the  filter. 
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Figure  2-8.     Loss-of-Head  Gauge  Operation 
Wash-Water  Controller.    When  the  filter  has  become  clogged  and  must  be  washed  a 

rjs;'SJ:u^r;ji°jM?     *°  r"*"""'         °^  waLr^s^L^'thr^iiSiwJter 

*'*®Kf*u*?''*  °'  controller  must  not  be  opened  too  quickly  as  It 

may  cause  air    which  has  accumulated  In  the  bottom  of  the  filter,  to  compress?    Thll  air 

frrfn™To5%h*^^"^**  "2^^  ">lch  will  ;iolentl?  disturb  tSe 

SJeJJung  noJr!  "^^^  ""^"^  mechanism  will  be  located  on  the 

o..ti!l^«f«  In  reference  to  the  operation  of  filters  refer  to  Figure  2-7.  An 

outlet  pipe  transports  water  from  the  sedimentation  basin  to  the  filter.    The  water  will 

ln«  iSe  ?nSrTi"^^^^^*"'?'  '"'^'^  f^om  distun- 

ing the  filter  bed.    The  Incoming  water  flows  up  and  over  the  filter.     The  water  filters 

tllTfi  !''^h"^5i  ^t""  underdralrv  system.    tJ;  outfe?  nJw "f  ?Je 

r«  !oif  *f  "8"l»ted  by  the  rate-of-flow  controller.    The  filtered  wJter 

ile»rii?f  ^'^Tit*  point  In  the  process  In  a  f  1  Itered-water  reservoir  called  a 

clearwell.     The  main  operating  difficulties  In  water  filters  are:     (1)  mud  or  mud  ball 
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SECTION  A 


r-WIRE  OF  SEPTUM 
rP^ECOAT  FILTER 
CAKE 


RAW  WATER  WITH  SUS- 
PENDED MATTER  AND 
FfLTERAID 


r  FILTER 
CAKE 


BROKEN  FILTER  CAKE 


'FILTERED  WATER 
I 

SECTION  A  DURING 
PREC0ATIN6 
Flow  of  filteroiU  In  suspen- 
sion is  greotest  through 
thinnest  portion  of  filter 
coke,  building  up  that  por- 
tion and  resutting  in  uni- 
form coating  of  filterold 
over  entire  element. 


FILTERED  WATER 


2 

SECTION  A  DURING 
FILTERING 

Porosity  of  the  filter  coKa  is 
mointained  under  pressure 
by  rigid  particles  of  filteraid 
mixing  with  compressible 
particles  of  suspended 
motter  in  row  water. 


FILTERED  WATER 


SECTION  A  DURING 
BACKWASH  I NG 
In  backwoshing,  filtered  woter 
drown  through  septum  dislodges 
and  breaks  filter  coke,  then 
discharges  it  from  bottom  of 
filter  tank. 


Figure  2-9.     Pressure  Filter  Element 
2-15 

497 


-„H  Filters.     There  are  two  types  of  pressure  filtering  agents,  they  are-  sand 

and  diatomaceoMs  earth.     Pressure  filters  (figure  2-5)  will  be  used  in  ii^tlrinl 

filters  the  water  as  it  passes  through  the  cake  deposit.  particies,  and 

The  filtering  elements,  (figure  2-9),  of  the  pressure  filter  in  the  center  nf  th^ 

J"Jn5rr.''ii;s''i?Se  TrJTllZll'V    t  r*''  °'  Mne  w^e'Js^iounTirounJ  Ht 

cyiinaer.    this  fine  wire  element  is  close  enough  to  stop  the  dial.omaceous  earth  fi-om 

miinl  *Jf?VS  l^^  "It"-    The  diatomaceous  earth  deposits  eveJ  Ho  JSJm  J  JJin 
coating,  called  the  pre-coat,  over  the  filter  element. 

built'^tr-f^hfii^n"  more  widely  used  than  gravity  filters.    They  are  usually 

Built  to  withstand  a  pressure  of  50  to  65  pounds  per  square  inch.    Vertie-l  f i i tiro 

feer^f^f'^^'"^**  3  *°  diamete?.    HorLont^l  MU^Js  are  JsiS  y  aSo"  10 

feet  in  diameter  and  about  25  feet  in  length.    Tlie  operation  of  these  ?UteL  is  basie- 

arei^'^wJirf^e^hJn''?"*''  *  pi'ossure  filter  is  about  3  gpm  per  square  foot  of  filter 
area,    when  the  head  loss  reaches  5  pounds  per  sauare  inch    the  fiitoi.  wt  1^ 

head  loss  reaches  5  pounds  per  squar?  inch,'^tL  «"er  sJoilS  be  taJklasJeS'  ?Je° 
backwash  rate  is  about  12  to  15  gallons  per  minute  per  square  Joot? 

The  main  advantages  of  pressure  filters  over  the  gravity  tvoe  are  theu 
niTe  observe,!.    A  typical  vertical  steel  sLll  p?essurrf?UeJ  if'sJoIn  In 
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Figure  2-10.     Vertical  Steel  Shell  Pressure  Filter 
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F^uJ^  Filters.     Dlatomlte  purification  equipment  Is  available  In  1 
•  ^?  ^^"^  portable  sets  (see  figure  2-10).     This  equipment  and  auxiliary  suppll 

nslst  of  a  pressure  filter  unit,  a  dlatomlte  feeding  apparatus,  pro-ooiit  tank,  rnh 
nks,  gasollne-drlven  pumping  sets,  suction  hose,  coagulating  chemicals,  two  chemla 


Dlatomlte  water  purification  set  No.  2,  15  gpm 


Dlatomlte  water  purification  set  No.  3,  35  gpm 
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fffi^^^^^f*^®^?'  ?  measuring  container,  and  a  chest  containing  discharge  hose  fittinr<? 
residual  ^nxorlne,  and  pH  testing  equipment.  The  variances  In  the  15,  asT  50  gom  ^^^^^ 
niatomlte  purification  equipment  or  sets  Is  as  follows: 


Average  Output 
Pumping  Sets 
Fabric  Tanks 
Suction  Hoses 


Set  Wo> 
ib  gpm 


Set  Not  3 
3:>  gpm 


4  each                  4  each 
4  each-500  gal.    3  each~3,000  gal. 
1  inch  1-1/2  Inch  


Set  No>  4 
5  each 

4  each~3,000  gal. 
2  Inch 


The  purpose  of  the  dlatomlte  equipment  is  to  provide  potable  and  safe  water  for  Air 
I^I'^f*?®''??''"!^  J°  the  field.    All  the  purification  sets  mentioned  above  were 
specifically  designed  to  remove  all  amoebic  cysts  and  the  cercarlae  of  schistosome. 

necessary  for  efficient  operation  of  a  dlatomlte  filter.    The  complete 
layout  for  all  purification  sets  is  similar,  as  represented  In  figure  2-11,  and  Includes 
the  process  of  coagulation,  sedimentation,  disinfection,  and  filtration  to  pJ^ducri^tlr 
of  the  highest  quality  regardless  of  the  turbidity  of  the  source.  proauce  water 


STMAGI  TANK 


Figure  2-11.     Portable  Water  Purification  Equipment 
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The  maximum  production  of  the  purification  sets  is  as  follows: 


Rated  Capacity  Maximum  Output  Por 

or  Filter  20-Hour  Day 

15  gpm  15,000  to  18,000  gallons 

35  gpm  40,000  to  45,000  gallons 

50  gpm  50,000  to  60,000  gallons 

Tab  equipment  Just  described  is  referred  to  as  batch  type  equipment.     The  batch 
type  equipment  will  eventually  be  replaced  by  the  continuous  flow  type  of  purification 
equipment  (see  figure  2-12).    The  continuous  flow  type  will  allow  purification  of  water 
under  all  climatic  conditions.     Detailed  instructions  on  operation  and  layout  are  found 
in  TM  5-4610-202-10,  TM  5-4610-203-10,  and  TM  5-4610-204-10  which  corresponds  to  the 
federal  stock  number. 


Figure  2-12.     Van  Type  Water  Purification  Unit 
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KXKIICJSE  III-2-2a 

JjNSTKUCTIOrK; 


PART  1 

..uosuois*/^"  ^••'^""'"''^  Q-u-'stions.     Vou  can  consult  your  instructor  If  you  h.ve  any 

1.       What  Is  t.Ur  moaning  of  th<»  term  clarification? 


2.       What  is  the  fastest  method  of  clarification? 


3.       What^chara.teri.tic  must  the  water  have  in  ord.r   lor  Alo(SO,),  to  form  a 


4.       What  Is  the  j.urp.vsc;  of  rapid  rnlj 


5-       What  is  the  fMJrposo  of  slow  mix? 


6.       What  is  «s,.i  to  measure  the  flow  of  water  that  oould  also  bu  used  for  rapid  mix? 


7.      List  two  comounds  that  would  add  alkalinity  to  tho  wat«r? 


8,       llow  would  you  determine  the  minimum  do:(a(;e  of  coa^uUvnt? 


9.       What   Is  th<-  process  used  to  remove  .settleablo  mat.^rial   from  tht,  water? 


10.     What   is  thi-  purposr  of  filtration? 


11.     Whloh  I  liter  is  commonly  uK(?d  by  the  Air  Force? 
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12.     What  device  maintains  the  flow  through  a  filter  at  two  gal./min/sq  ft? 


13.    The  difference  betveen  filter  Inlet  and  outlet  pressure  is  referred  to  as 

of 


5'?  5 
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KXEUCISE  IlI-2-2a 
PART  11 

tho  Uo'fSs'.''  """'''-'^        components  on  the  blank  U 


ne  to  properly  associate 


PAHSIIAI.L  FI.UMK  OW  IIAPII)  MIX 
RAPID  SAiW  FlLTIiR 
ELEVATKD  STOKAGK  TANK 


n^POJNUKI)  llliSERVOIR 
POST  CM LOUT  NATION 


PIC.   1.     WATER  TREATMENT  PLANT 
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INSTRUCTIONS 


EXERCISE  III*-2-2a 


PART  III 

Find  a  term  In  the  right  hand  roliimn  which  best  fits  each  statement  in  the  left  hand 
column,  then  place  the  letter  preceding  the  selected  term  In  the  blank  preceding  the 
statement. 


2. 

3. 
4. 


6. 
7. 

10. 


used  to  remove  dissolved  gases,  Iron 
and  manganese  from  water 

located  near  the  plants,  used  for 
flash  mix  of  chemicals  and  water. 

used  to  keep  floe  in  suspension 

may  be  located  at  various  points  in 
the  plant,  and  operate  on  the 
centrifugal  force  principle 

has  a  long  retention  period,  6  to  8 
hours 

a  retention  period  of  1  to  2  hours 

a  storage  and  contact  chamber 

stores  water  and  provides  pressure 
for  emergencies 

removes  suspended  solids  not 
removed  by  settling 

used  for  the  i rejection  of  HTH 
solution 


a.  elevated  tank 

b.  clearwell 
c*  filter 

d.  accelator 

e.  pump 

f.  settling  tank 

g.  slow  mixer 

h.  hypochlori  nator 

i .  aerator 

J.  rapid  mixer 
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TASTE,  ODOR,  AND  COLOR 


INFORMATION 


Did  you  ever  comment  on  how  ba^i  the  water  tasted,  stnelled,  or  even  looked  while 
Tastes  and  odors  are  more  prevalent  In  surface  water  than  In  eround  .ater    .nd  -mj 

The  principal  cause  of  unpleasant  taste  and  odor  in  water  Rre-     rw  TnH»o*.,4  i 
t'h%°.'.".°f["°-  '"V'^i  Pla^s^'^Sd'JrSri^ke  pian  s'etc 

^'.°^e!  <  riui^  ?n-a'rfJSs-,:fEf:e?"?f;'e,riS«;5?c  n.ifsr^j'^Ln. 
Si-nir"Sin;.-AJrs..rsrs'ir;f-e:?r5n:s-:s,r:i^^^^^^^^^^^^^^^ 

th^  iTfit  """l*  *^°ri''°?  -nay  be  added  to  the  raw  water  sonrco,  as  It  c-nters 

pipes  and  filter  beds,  thus  lowering  their  efficiency.     Filtration  rtlffiPintiL  J^f 
?!:sed  J;  r/iT.        r  r^'l  °*  ^aste^and  iJ^r  SrCblJirire'Jen^raUy 

Jlcae  coLer!lJ    "V.i^^^  ^''^  *yP«  ^'"l  s'ze  of  the  probl.,n  va ryl  ng  wl  th  th^ 

str^L«  ^l^"^  '"**"^y        l^'-ge  open  reservoirs.  In  slugrlsh 

streams,  and  In  surface  supplies.     Algae  must  have  sunlight  to  grow  sluggish 

r  .'t^"'r -a^nuarjrent'jn;rj.;%:s^^ 
;i^Sedie."r:;K°5:??2?  -nSjr:^?SLS":r"y':r?Es^e?j,rr;i;,;strs:s:"°^ > 

ifi  K^*^  simplest,  though  not  the  best  method,  of  applying  connor  csuifate 

6ifnne%:iXi  iittTrT:     "^^^^^^  ^°  ^  ^'-^   --^  fo^rvorrn^r^'^'' 

copper  sulfate' 8oli!ioro„'7hr  'T"**"''  ^^'l''^"^  treatment,   tho  host  m.-thod  Is  to  sprav 

thrsoi^?}irevej:Jy"'i°\;;:;i:5'^v^::5^^i^rsSniJr^      ""'^  '""-^^'^ «"  ^-t.  Jpp-.y 
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(2)  Chlorfno.     Oilorino  may  he  applied  as  hypochlorite  solution  or  chloriru? 
ras.     Hypochlorite'  is  spr:iy(?cl  on  the  water  from  a  hoa t-moun tod  spray  unit.     Gas  is  fed 
from  a  hoa t -mount chlorinator  through  a  suhmerged  dlffusor  into  tho  wator.     Either  may 
be  fed  continuously  when  controlled  dosage  can  be  applied  to  water  entering  tho 
rosorvol r . 

(3)  Activated  Carbon.     In  larpe  reservoirs  and  Impounded  supplies,  activated 
carbon  Is  applied  by  spray  from  a  boat.     In  small  basins,  regular  spray inp:  and  hand 
spreading  can  be  used.     In  filtration  plants  carbon  Is  usually  added  beforo  coagula- 
tion.    Suspended  carbon  carried  to  the  filters  Is  effective  in  removi nr  odors,  although 
shortening  of  filter  runs  may  occur. 

(4)  Mechanical.     Filters  may  also  be  used  to  control  algae  In  water.  Both 
pressure  and  gravity  filters  may  reduce  algae  with  the  help  of  pretrea tmen t . 

Iron  and  manganese  removal  when  dissolved  iron  exceeds  0.3  ppm.  It  causes  an 
unpleasant  taste  and  strains  plumbing  fixtures.     If  it  goes  over  2.0  ppm,  nobody  likes 
to  use  it. 

Iron  is  rarely  found  In  surface  waters  but  is  often  found  In  well  water.     If  the 
dissolved  iron  does  not  exceed  2  to  3  ppm,  staining  of  kitchen  and  bathroom  fixtures  can 
be  prevented  by  treating  with  polyphosphate.     Above  3  ppm  Iron,  removal  treatment  Is 
necessary. 

Aeration  units  are  most  commonly  used  to  remove  Iron.     Any  method  that  can  pet  air 
in  the  water  will  do.     Some  cities  use  a  water  fountain  effect  while  others  use  a  wooden 
tower  with  open  mesh  slats  In  it. 

The  object  of  aeration  is  to  get  oxygen  to  combine  with  the  dissolved  iron  and  form 
an  Iron  compound  that  Is  not  soluble  in  water.     When  the  Iron  compoun     J«  no  lomi^er 
soluble  It  will  come  out  of  solution  and  can  be  caught  up  by  flocculation  then  filtered 
out . 

An  added  benefit  of  aeration  Is  an  Improvement  In  taste  and  odor. 

Aeration  consists  essentially  of  exposing  as  much  water  surface  as  possible  to  the 
air.     During  aeration,  gases  dissolved  in  the  water  supply  are  released  to  the  atmos- 
phere; soluble  iron  salts  are  oxidized  and  become  insoluble  so  they  can  bo  re;moved  by 
settling.     Aeration  raises  the  pll  by  eliminating  dissolved  carbon  dioxide  but  Increases 
corrosi veness  by  Increasing  the  amount  of  dissolved  oxygen.     Methods  of  aeration  Include 
spraying  water  up  over  a  shallow  receiving  basin,  and  forcing  air  into  a  basin  with 
dlffusers  or  iuechanlcal  pump  type  aerators. 

Activated  carbon  is  specially  treated  granular  or  powdered  carbon  wliioh,  because  oi 
^  ts  incrijased  surface  area,  will  adsorb  larger  quantities  of  dissolved  gases,  liquids, 
and  finely  divided  solids  than  ordinary  carbon.     It  Is  highly  effective  in  taste  and 
odor  control,   provided  that  the  type  of  activated  carbon  used  meets  re(|ulred  standards, 
the  dosage  is  correct,  the  carbon  is  mixed  Intimately  with  the  water,  and  the  carbon  l6 
In  contact  with  the  water  for  an  adequate  period  of  time. 

Because  of  the  wide  range  in  waters,  no  general  rule  can  be  given  for  activated 
carbon  dosage.     The  dose  required  at  each  plant  must  be  determined  by  periodic 
laboratory  tests.     A  carbon  dose  of  3  ppm  removes  most  tastes  and  odors  from  water. 
However,  If  the  tastes  and  odors  are  caused  by  pollution  from  industrinl  wastes,  the 
dose  may  have  to  be  increased  to  8  ppm,  or  even  20  ppm  at  times. 

Activated  carbon  may  be  applied  to  water  at  one  or  more  points  depending  on  results 
desired.     Usually,  carbon  is  added  at  one  of  the  following  points:     (1)   in  raw  w;i  1 '  ^ . 
(2)  in  mixing  basin,  (3)  In  treatment  plants,   (4)  split  feed,   (5)  in  llltc^rs,  ;ind  ((>) 
wl  th  chlorl ne. 
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Copper  sulfate  is  sometimes  used  at  a  surface?  water  source  where  the  tastes  mH 
odors  are  causeTTy  small  organisms  livinc  in  the  liikc  or  reservoir      Tt  It.t  . 
by  spraying  a  solution  over  the  water  surface  or  ,i  loii^^  crvstlls  in  «  applied 
dissolve.     Because  copper  sulfate  kills  fish,   its  Jsris'limlted      Conce  ?ratLns1hat 
kill  common  varieties  of  fish  are  listed  below  in  pounds  of  copper  «u?^aJe  Ser  mii?io^ 
gallons  of  soft  water.     Total  concentrations  are  considerably  SJgher    n  Jard  laJc'J 


Trout  

CatJ  Ish  !  2*5 

Suckers  2,5 

Carp  2.5 

Pickerel  3,5 

Black  Bass  17.0 

Goldfish  4,0 

P«rch  6.0 


t.cto?^''''^"''/''''^^^^^  P^''"^        ^'^        ^  PP'"  destroys  most  al^ao  but  may  inteslfy 

eUm?na?e^  tStran^^''^"''"^"!?'  chlorlnation  requires  higher  dLaJes  but 

eximinai:es  tu&te  and  odor  as  well  as  algae. 

^  Potassium  permanganate  has  shown  great  possibilities  as  a  taste  and  odor  treatment 
and  tor  serious  problems,  it  is  very  economical.     It  does  not  combine  wi?hJhe  s.T 
stances  causing  taste  and  odor,  but  works  as  a.:  oxidizinR  agent  so  tL*e  seems  to  be  no 
possibility  of  intensifying  or  "setting"  taste  and  odor.     Experience  iJtiicates  tLt 
ItZlTnt"'"  'f  r°\'t  The  residual  manganese  TiZll  is      si?uble,  s 

absorbent,  assists  the  coagulation  process  and  is  removed  by  coagulation  and  filtration 

JSt^ssfu^m^'^LLMlna^ti:'""  '  — It""' 


Color  Control 


Color  In  natural  waters  is  caused  mainly  by  vegetable  dyes  or  by  excessive  amounts 

?he  .'o^orrJi'^T"''^"-,,"'"^'''''^  contained  in  industrial  wastes  may  a f so  cause  coloJ 
The  coloration  is  usually  caused  by  colloidal  matter  and  may  be  removed  In  the  same 

manner  as  oth«>r  colloids,  bv  chemical  nrori  ni  t- n  t- 1  r.n  »4     »«-"'">i-u  m  inc.  same 

by  filtration.  "^"'•>   °y  cnemicai  precipitation,  coagulation  or  absorption,  followed 

No  one  method  will  remove  all  colors  and  no  rule  will  apply  to  all  waters.  Color 

rirsc,  it  will    set     the  colors  and  prevent  removal. 

Chlorlnation.     Color  removal  by  chlorlnation  requires  a  dosage  of  1.0  to  10  0  oom 
the  correct  amount  being  determined  by  trial.     A  detention  or  co^tac     t  me  of  at  iSasi 
ialntaJned.   '  "^""'"""^  ^"'^  ^"an  0.1  free  or  combined  reslSuarshouId  be 

Chlorinated  Copperas.     The  addition  of  chlorinated  copperas  at  a  low  pH  with  an  al..m 

?;^^LnJ?fi  ''"'""'5'  '''^  coagulation  basin  has  beCn  very  successfS    ll  LmC 

instances.     Dosage  has  to  be  determined  by  trial. 

couiJdirm^iJt^rff'H  i«  susceptible  to  removal  with  activated  carbon.  The 

™^n^  *7      matter  is  absorbed  by  carbon  atoms  with  free  valences  and  is  removed  by  sedi- 
mentation and  filtration.     Tests  of  carbon  applied  to  the  particular  water  Is  the  onlJ 
method  of  determining  the  effect  of  carbon  for  color  removal  ^ 
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liXKHCISE  IlI-2-2b 

INSTRUCTIONS 

Using  your  S(\  &  AK!l  1)1-2(5,  complete  the  following  statements. 

I.      Taste  and  odor  can  bo  controlled  by  or  by  treatment 

with  ,  or 


2.      Algae  can  cause  unpleasant  and 


ru      Color  in  natural  waters  is  caused  by   _  _  or  by 

excessive  amounts  of  and   _   • 

4.      The  principal  cause  of  unpleasant  taste  and  odor  in  water  , 

and 


  gives  water  a  rotten  egg  tastn  and  odor. 
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SOFTENINO 


INFORMATIOfl 


n.noi''''"'^/K*?f         1*°  P"^**'l«'  but  It  Is  objectlonablo  because  It  deposits  scalo  In 
pipes  and  boilers,  leaves  stains  on  glassware  and  kitchen  utensils,  and  reaiiires 

IJJJS's'lorlil^tlJn'  «n^T^f°  '"''f:-  P«rc.olatl'nrilown" through  th. 

earth  s  formation  and  In  flowing  over  the  watershed,  dissolves  certain  elements  In  tho 
soil  causing  the  water  to  become  hard.     Hardness  results  from  the  prt,,sence  of  calSlum 
as'shown'be^ow?"""'"""'  '""^  .som^tlme.s  r'ted 


Over  200  ppm 

very  hard 

100  -  200  ppm 

hard 

50  -  100  ppm 

moderately  hard 

below  50  ppm 

soft 

below  15  ppm 

very  soft 

Many  industrial  processes  are  not  able  to  use  water  cental nlng  an  appreciable  amount  of 
JSlJZent)  °'  hardness.  Carbonate  (temporary)  and  NoicatboJato  °' 


Carbonate  Hardness 


o.K      *        f.u"*  combining  In  nature  of  calcium  or  magnosj  ,im 

carbonates  with  carbon  dioxide  to  form  calcium  or  magnesium  hi o.arh»nal-es.     Calrlum  or 
magnesium  bicarbonates  cause  "Temporary"  or  "Carbonate"  hardness.     It  is  called 
carbonate  hardness  because  most  of  it  is  precipitated  when  the  water  is  boiled,  rtrlvlnr 
fJsolUble!:'"'  ^"'^  "half-bound"  carbon  dioxide,  leaving  the  carbonates,  whi.h  arA  " 

Noncjirbonated  Hardness 

Noncarbonate  hardness,  sometimes  called  permanent  hardness,  is  di-e  primarily  to  the 
o?  ^"f.,"«ig"esium.     The  common  name  for  calclu,;,  su  1  fate  1  s  "Sypsum  "  J^d 

of  magneai.im  sulfate.  "Epsom  salts."    The  chlorides  and  nitrates  of  ralclCm  and 
magnesium  also  form  noncarbonate  hardness  but  are  not  as  common  as  sulfates.  These 
compounds,  causing  noncarbonate  hardness,  are  not  precipitated  by  boiling. 

NOTE:     Iron  and  aluminum  compounds  also  produce  hardness,  but  usually  is  present  In 
such  small  quantities  that  it  is  not  generally  associated  with  hardness. 
Water  softening  processes  remove  iron  as  well  as  calcium  and  magnesium  salt.-j. 

Th^^I*"  '="fr'*°^^  l^^^^         be  run  to  determine  carbonate  and  noncarbonate  hardness. 
I!ka!initv    thi^'"'"??^^  ^"^''e  ^»'^^l*"»ty  test.     If  hardness  is  less  than 

f,^  ,1   i!^'  hardness  of  the  carbonate  type.     If  hardness  is  greater  than 

aiKaiinity.  then  there  is  both  carbonate  and  noncarbonate  hardness  present. 

m..rnl»y.''^"  reduce  hardness  by  any  method  wh!ch  can  remove  calcium  and/or 

magnesium.     Two  major  softening  methods  are  used:     (1)  chemical  precipitation    and  (2) 

iunirfJ^???;  f^'^^f  J^^^^^  Pl^"^^          ^'^^  precipitation  method;  snail eJ  ^  ^ 

Ztlni^  ^"'^  industrial  plants  are  more  likely  to  use  ion  exchange,     ion  exchange 

method  will  be  covered  later.  ^  Av-"ttiir,t. 

Chemical  Precipitation 

,«h  fnl^®?!"'^  by  Chemical  precipitation  Is  accomplished  by  adding  lime  or  lime  and  soda 
ash  into  the  rapid  mix.     The  lime  reacts  with  soluble  calcium  and  magnesium  bicarbonates 

r^cill  ^h'^J^^f^  insoluble  calcium  carbonate  and  magnesium  Sidrox  He  X 

hinrorfH^!     ^5^'  ^i""®  (calcium  oxide)  or  r.n(0\\)^  (calrlum 

hydrox  de).  Remember,  that  calcium  oxide  added  to  water  reacts  t^  form  c.Xi  urn 
hydroxide,  example  CaO  +  HgO  — ^  Ca(0H)2  caicium 
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Carbonutt?  Uardnesw  IU*moval  is  accomplished  by  aiiilmi;  limr  to  tlu*  w;iti»r.  Thi- 

calcium  hydroxide  reacts  with  calcium  and  magnesium  bicarbonates  to  l\irri  soluble 

carbonates  and  hydroxides  that  precipitate  out,  leaving  the  water  free  of  the  substances 
causing  carbon;* te  hardness. 


Ca(HC03)2 

Calcium 

Bicarbonate 


Ca(0II)2  — 

Calcium 

hydroxide 


->  2CaC03  H 
Calcium 
carbonate 
percipitate 


2H2O 
water 


Mg(HC03)2 
Magnesium 
bicarbonate 


MgC03 


2Ca(Oll)2  - 

Calcium 

hydroxide 


->  Mg(0H)2  + 
Magnesium 
hydroxide 
precipitate 


+      Ca(0H)2  ->  CaC03 


2CaC03  + 
Ca 1 c  i  um 
carbonate 
precipitate 

Mg(0H)2 


21I2O 
water 


Note  that  twice  as  much  lime  is  needed  to  remove  magnesium  bicarbonate  as  calcium 
bicarbonate. 

Noncarbonate  Hardness  Removal  requires  soda  ash  for  calcium  compounds  and  soda  ash 
plus  lime  for  magnesium  compounds.     This  is  illustrated  in  the  following  chemical 
reactions . 


CaS04 

Calcium 

sulfate 


CaCl2 

Calcium 

chloride 


Na2  C()3  ~ 

Sodium 

carbonate 


Na2  CO3  — 

Sodium 

carbonate 


->  Ca  CO3  + 
Calcium 
carbonate 
precipitate 

Ca  CO3  + 
Calcium 
carbonate 
precipitate 


Na2  SO4 

Sodium 

sulfate 


2NaCl 

Sodium 

chloride 


Ca(N03)2 

Calcium 

nitrate 


Na2  CO3  — 

Sodium 

carbonate 


->  CaCOy    +  2NaN03 
Calcium  Sodium 
carbonate  nitrate 
percipitate 


The  first  step  in  reducing  magnesium  noncarbonate  hardness  is  lime  treatment - 
+ 


Mg  SO4 
Magnesium 
sulfate 


Ca(0H)2 
Calcium 


->  Mg(0H)2  + 
Magnesium 
hydroxy  de 


CaS04 
calcium 
sulfate 


hydroxide 

Since  the  water  contains  CaS04,   It  is  reduced  by  adding  soda  ash- 


Ca  SO4 

Calcium 

sulfate 


Na2  CO3  — 

Sodium 

carbonate 


->  CaC03 
Calcium 
carbonate 


Na2  SO4 

Sodium 

sulfate 


Mg  CI2 
Magnesium 
chlorl de 

then  add  Soda  Ash 


Ca(0H)2  - 

Calcium 

hydroxide 


->  Mg(0H)2 
Magnesium 
hydroxide 


CaCl2 

Calcium 

chloride 


CaCl2 

Calcium 

chloride 


Na2C03   

Sodium 
carbonate 


->  CaC03 
Calcium 
carbonate 


2Na  CI 
Soaium 
chloride 
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DRTRRMIfMTION  OF  DOSAGR.     OuantitativP  analvQli?  r^r  i-h-.  i 
determination  of  required  dosa?^"f  li^J'^and  loda  Lhf         """^"^        "'^ccssBry  for 

Ik  ^?  f''!'"^  ^^'^  calculations  for  lime  and  soda  ash  roqul  romonts  by  actually 

Jo,,     .         "'^'1'^  ^"  ^""^'^  neasured  quantities  of  the  water  to  be  treated 

The  following  procedures  may  be  used.  iroaiea. 

1.     Prepare  a  standard  lime  suspension  by  addl nR  ten  prams  of  11  mo  to  ono  liter  of 
S.°iir  t        t  I'  ^^'''^  is  usod.  shake  1 1  wl  ?S  J,  st  eno, U 

water  to  make  a  hoi  11 nR  solution,  then  dilute  to  one  liter.     A  standard  sol ntloS  of  soda 

:a^i%r;e%^^lo::ge"o%^":  p';^:  "^'"^   "  °'  -  oio-irte^jt 

q^uant^^tres-?  I!:raSS  ^oSra^h  SLS^r  Jo^inen^nr^S^rr^-??;  ?rr  ro^ml'JuJ!2  and 
allow  to  settle  until  liquid  becomes  fairly  clear,  usually  in  to  15  minutes? 

3.  Siphon  off  about  half  the  clear  solution,  warm  to  about  120*F  (49«C)  and  filter 
through  filter  paper.  ^        '  'liter 

4.  Analyze  flit-  te  for  alkalinity  in  accordance  with  standard  luborat.-^ry  tost 

In  the  operation  of  a  softening  plant.  It  is  customary  to  use  lime  In  excess  of 
computed  needs  to  the  extent  of  10  to  50  ppm.     This  is  then  removed  rJcarSonSt^on 
ifJelyTs'pSr"""  'titration,  the  water  should  have  an  alkali  nf^y'^orappJo^l  2"' 

The  quantity  of  noncarbonate  hardness  allowed  to  remain  in  the  water  is  rerulitert  hv 
2arSnesl"f„'?2'  "^/^^ll  1  n  accordance  with  the  total  ha.dness  desired.       f  t^o  Jot^J  ' 
hardness  in  the  softened  water  Is  to  be  35  ppm  and  the  alkalinity  35  ppm    it  is  then 
necessary  to  remove  all  but  50  ppm  of  noncarbonate  hardness.  . ; 

nrono'rt"i^*tn''fH''^^*';    ^^^1""°"^  softening  requires  application  of  chemicals  in 

ZZl:ito.  II  I'oV^l::  lleTe^''-'  ~  -  whlcf^c^^fo^rs^rrrf^rfn 

.tiJ,°'^\T^  dissolves  easily  in  water  forming  a  clear  stable  solution.     After  prepar- 
ation, the  solution  needs  no  further  agitation  and  can  bo  added  directly  to  the  laEeJ 
through  a  pi oportloni ng  device.  water 

''^'"^  .slightly  soluble  In  water,  forms  a  suspension  known  as  milk  of 

Ji«n'.„"''Tr  ''"^P^"'^^'^  tends  f,  settle,  contl  nuons' agi  tation  L  JecJssary  to 

p^f^-^oL'""'^^^  uniform.     Therefore,  devices  for  feeding  line  usually  have  mec  Jin  lea  J 
agitators.     Flow  through  feedllnes  must  be  fast  enough  to  prevent  lime  from  se^tllls 

^in.^?i"L'*'^  or  Should  be  oasi  y  re^Uce^Jfe  %heJ 

should  have  pressure  connections  for  flushing.  Rubber  hose  or  open  tro.fis  are 
frequently  used  for  this  purpose.  trcMiRns  are 

™i,J"?®  plants  feed  lime  and  soda  ash  through  one  proportioning  device.     Chemicals  are 
mixed  in  the  proper  proportions  *i th  water  and  Introduced    as  a  th  n        rry.  t5?s 
rTpiTly\^  satisfactory  where  the  con^position  of  raw  water  is  constant  or  dJ^s  no!  change 

^Ne*"/e^«loP'nents  in  softening  include  high  rate  equipment  such  as  the 
precipitator,  accelator,  hydrotreater ,  and  splractor.     The  precipitator    acce^ator  anrf 

softenfnJ      V^::  ^'^L"'"?/"  flocculatlon  and  sedrment^tfo^unl  ts  wl  tl  o.  t 

softening.  When  these  units  are  operated  before  filtration  to  treat  surface  water  with 
l^rJt^'"';;'^^'^  ^""^^^  ^"^^         alkaimity,  it  may  be  necessary  to  add  lime  orclaJ  Jo  uSS 

""'^^     'l'^^  fluctuation  in  flow,  sol  I  ds  content  and 
temperature  always  cause  operating  problems  which  can  best  be  corr.H-Jod  indWlrtually. 

prinllplesr^"^"'"'  ^  *  t^*"""'  ^"'^  hydrotreater  operate  on  essentially  the  s^ime 
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The*  spi  ractor  (soo  fij^un*  2-12)  consists  of  a  cono  shaped  tank  in  which  a  limo  soda 
softoninR  process  takos  plnci?  In  tho  presence  of  a  suspnnded  bod  of  granular  calcium 
carbonate  which  acts  as  a  catalyst.     The  hard  water  and  the  chemicals  onter  the  bottom 
of  th<*  cone,  where  they  mix  and  rise  through  the  granular  bed  with  a  swirling  movement- 
The  upward  movement  of  thv  water  keeps  the  granular  material   in  suspension.     As  the 
wat<?r  rises,  the  velocity  decn?ases  to  a  point  where  the  material  5s  no  Inn^er  in 
suspension.     The  contact  time,  8  to  10  minutes,  is  enough  to  complete  the  softening 
process.     The  soft  water  ^s  drawn  off  from  the  top  of  the  cone-     The  hardness  particles 
attach  themselves  to  the  calcijm    carbonate  granules  during  the  process  and  are 
withdrawn  from  the  bottom  of  the  cone.     The  advantages  of  this  type  equipment  is  its 
small  size,   low  cost,  fast  treatment  process,  and  the  lack  of  moving  parts  and  pumping 
equipment.     In  addition,  the  precipitated  hardness  Is  withdrawn  as  sand-like  granules, 
which  are  ranch  easier  to  dispose  of  than  the  watery  slime  from  the  normal  lime-soda 
process.     The  unit  is  most  effective  when  hardness  is  predominantly  calcium;  there  is 
less  than  17  ppm  magnesium  hardness;  water  temperature  Is  about  50*F. ;  and  turbidity  is 
less  than  5  ppm. 


Figure  2-13.     Splractor  Softener 


ACCKLATOM.     This  cold  lime-soda  water  softener  Is  in  use  at  some  of  tUo  missile 
sites  jind  at  some  of  the  Air  Force  bases.     Since  It  has  the  capacity  of  softenini*  larr;* 
quantities?  of  hard  water  containing  calcium  and  magnesium  salts,  this  section  will  cover 
the  common  types  of  cold  lime-soda  softeners,  operation  of  the  accol.^tor,  and  the  theory 
of  operation. 

There  are  four  basic  types  of  cold  lime-soda  softeners,  namely:     (I)  the  sludge- 
blanket  type,  (2)  continuous  sedimentation  type,  (3)  the  "catalyst  type,"  and  (4)  the 
intermittent  or  batch-process  type.     T!-,a  first  three  are  continuous  types;  that  is,  the 
t7ater  is  treated  as  It  is  flowing  through  the  equipment.  The  fourth  type  Is,  as  Its  nj^we 
indicates,  one  in  which  the  flow  of  w&ter  Is  pot  continuous  hut  intermittent,  as  the 
water  is  treated  in  separate  batches-     Of  these,  the  sludge^hlanket  type,  owing  to  its 
higher  efficiency,  short  detention  period,  and  smaller  space  requirements,  is  rapidly 
displacing  the  conventional  type  for  industrial  use.   It  is  also  widely  used  in  the 
municipal  field,  but  some  state  boards  of  health  prefer  longer  detention  periods  than 
the  cii.stomary  one-hour  detention  period  in  the  sludge-blanket  type.     This  continuous 
sedimentation  type  is  an  older  type.     The  catalyst  type  fjruduces  a  granular  typo  of 
sludge  which  can  be  handled  readily  and  which  drains  and  drie^  rapidly. 
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tJla?Ti^t!r  ^  th  "^^^  °'  the  added  lln,e.    Second,  the  close^oSJac?  of  the  *" 

fr«n^%^^t^^^  a^  ZTuoiLT.  tr^J!^o°o^^o^%a1^:^.^Se^^?a^"";ot\"^^^^^^^^.t^^;- 

Chamber  consists  of  a  smaller  conical  o^  Pyran,ld^l\iectlSrwui;^  tf^Lf  ^^re  na^r^w 
than  the  top  side.     The  raw  water  and  the  treating  chemicals  are  Introduced  fnto  t7c  top 
of  the  inner  chamber  where  they  are  thoroughly  mixed  by  means  of  a  centrally  loratoS 
mechanical  agitator  which  is  raotor  driven.  "traiiy  locaroa 

SrcJSuiSS?'"         e«pl„,es,  sep.r«e  feeders  .r.  used  f„r  the'll.,.  th,,  .^dn  .'Sh'."'.',;d 


PiRiire  2-14.     The  AcceTator  (Ilpflow  Clarlflor) 

agitator  consists  of  a  series  of  paddles  mounted  on  a  vortical  shaft 
irih  ?hS^H^'^'"r  ^f"?*^  *  reducing  gear.    As  the  hardness  !n  the  water  reacts 

i^  r  w°vr  ;"T  r""^^^^  a-se'f[.rjr;,p^;?- rrr-er^r/ 

Ji?:or^o«^?-^bT-tl?y-^ot?^-?rS;^J!-  ca^J^rfii"^p1-lC^  ^^X^^  ^ 
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As  the  treated  water  rises  in  the  outer  chamber,  its  vortical  voKn  ity  in  tho  low.  v 
part  of  the  chamber  is  sufficient  to  keep  the  precipitates  in  suspension.    Owing  to  its 
design,  the  cross-sectional  area  of  the  outer  chamber  constantly  increases  while  passing 
from  the  bottom  to  the  top.    The  vertical  velocity  of  the  treated  water  constantly 
decreases  during  its  passage  through  the  cater  chamber.    Finally,  a  level  is  reached 
where,  with  a  given  volume  of  suspended  sludge  and  for  a  given  flow  rate,  it  is  unable 
to  expand  the  sludge  blanket,  and  in  practice,  there  is  a  clear  line  between  the  upper 
level  of  the  sludge  blanket  and  the  clear  water  rising  above  it  which  is  collected  by 
the  collector  system  and  then  passes  either  directly  to  service  or  to  the  filters  and 
then  to  service. 


This  upper  sludge  level  is  I^ept  by  bleeding  off  sludge  at  the  same  rate  as  that  at 
which  new  sludge  is  being  formed.    This  bleed-off  can  be  done  automatically.  The 
bleeding-off  operation  is  usually  performed  through  an  integral  sludge  concentrate!-. 
Increasing  the  flow  rate  will  increase  the  height  of  the  sludge  blanket,  and  lowering 
the  flow  rate  will  decrease  it.     If  ILa  flow  is  lowered,  the  blanket  contracts,  but 
since  the  cross-sectional  area  decreases  downwardly,  the  blanket  Is  kept  "alive"  &nd 
functions  just  as  efficiently.     In  general,  the  raage  over  which  types  of  equipment  such 
as  this  will  function  satisfactorily  ib  from  20  percent  of  the  rated  capacity,  as  the 
low  limit,  to  about  110  percent,  as  the  i.igh  limit. 

CLARIFIER.    The  clarifier  (figure  2-15)  removes  suspended  matter  and  softens  the 
water  by  the  lime  soda  process.    Water  enters  the  clarifier  at  the  top  of  the  inner 
chamber  and  is  flash  mixed  with  the  alkali  and  coagulant  solutions.    The  alkali  reacts 
to  precipitate  the  hardness,  and  regulate  the  pH  for  best  coagulation.    The  coagulant 
reacts  with  the  added  alkalinity  to  form  a  floe  which  tends  to  increase  in  size  and 
settle  towards  the  bottom.    Slowly  revolving  agitator  blades,  at  the  bottom  and  at  the 
center  of  the  inner  chamber,  gently  mix  the  floe  and  the  water.    This  operation  further 
Increases  the  f Joe  size  as  particles  of  suspended  matter  and  precipitated  hardness  are 
caught  by  the  floe.    Clear  water  rises  in  the  outer  chamber  and  the  heavy  floe  tends  to 
remain  In  the  lower  portion  of  the  outer  chamber.    Clear  water  flows  through  a  distrib- 
utor in  the  top  of  the  outer  chamber  into  a  clearwell.    A  pump  pumpc  the  clear  water 
from  the  clearwell.    Over  a  period  of  time,  floe  tends  to  build  up  In  the  outer  chamber. 
The  desludging  tiiaer  should  be  adjusted  to  maintain  the  floe  blanket  just  below  the 
third  sampling  clock  from  the  bottom.     If  the  floe  is  very  slow  settling,  it  nay  be 
necessary  to  blow  down  more  frequently  to  prevent  the  carry  over  of  floe  into  the 
clearwell. 

Proper  operation  of  the  clarifier  Is  dependent  upon  the  following  factors: 

a.  Raw  water  quality  c.      Coagulant  and  alkali  feed  rates 

b.  Water  temperature  d.      Type  of  coagulant  and  alkali  used 
e.      Raw  water  flow  rate 

The  alkali  used  must  precipitate  enough  of  the  hardness  to  reduce  the  total  hardness 
of  the  clarified  effluent  to  200  to  30V  ppm.    Three  possible  alkalies,  (eoda  ash,  lime 
soda,  or  caustic  aoda)  may  be  used.    Soda  ash  removes  the  noncarbonate  hardness.  The 
lime  and  caustic  soda  remove  the  carbonate  hardness.    Soda  ash,  which  will  remove 
additional  noncarbonate  hardness,  is  forced  also  by  the  reaction  of  caustic  soda  with 
the  carbonate  hardness.    Because  of  the  acid  treatment  before  the  degasifier,  the  water 
entering  the  clarifier  has  essentially  no  carbonate  hardness.    The  majority  of  the 
alkali  solution  roust  be  soda  ash.    A  certain  amount  of  carbonate  hardness  will  form  when 
the  soda  ash  is  added.    For  this  reason  either  lime  or  caustic  joda  must  be  used  to 
precipitate  the  carbonate  hardness.    The  optimum  alkali  solution  is  the  solution  which 
will  allow  the  reduction  of  the  hardness  to  200  to  300  ppm  as  CaCOs  and  still  prevent 
the  rise  of  the  effluent  pH  above  the  9.0  to  9.5  range.     It  is  in  this  pH  range  that  the 
solubility  of  calcium  carbonate  is  lowest  and  maximum  softening  will  result. 

The  coagulant  used  and  the  coagulant  feed  rate  will  be  largely  determined  by  the  pH 
3f  the  clarified  water,  jar  teat  results,  and  chemical  cost.    There  are  several  coagu- 
lants that  may  be  useo.    Some  of  thsse  are  alum  (aluminum  sulfate),  ferrous  sulfate, 
rerric  sulfate  or  ferric  chloride.    Alum  generally  coagulates  best  in  the  pH  range  of 
>.5  to  8.0.    Ferrous  sulfate  coagulates  best  in  the  pH  range  of  8.5  to  11.0.  The 
ferric  coagulants  coagulate  over  a  wlde^pH  range  of  4.0  to  11.0. 
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AGITATOR  DRiVE 


Figure  .?-.15.    Clarlfior  Assombly 
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CI.ARIFIKK  PONTROLS.     Tho  agitator  drive  on  the  clarifier  is  controlled  hy  a  manual 
motor  startvr.     Borauso  tho  a^titator  drive  must  be  operated  continuously  (oven  when  the 
well  punp  is  not  operating),   it  is  not  controlled  by  the  relay  in  the  well  punp 
controls.     The  blowdown  timer  is  controlled  by  contacts  in  the  well  punp  controls. 
These  contacts  close  to  enor^l/.o  a  timer  five  seconds  after  the  well  punp  starts.  As 
the  tiner  runs,  it  periodically  closes  contacts  to  ener^i  ze  the  blowdown  solc»noid  valve. 
Thij  timer  is  adjusted  to  blow  dfwn  the  clarifier  often  onouKh  tt.  previ^n!    the  carryov(»r 
of  floe  into  the  clcarwoll. 

Rlectrlcal  controls  for  the  pump  aro  set  as  follow.^:  The  selector  switch  is  placed 
in  an  automatic  position.  The  manual  motor  starter  is  placed  in  the  OF  position.  Then 
the  results  are  as  indicated.  The  pump  motor  is  energized  if  the  contacts  on  the  float 
switch  are  closed.  The  float  switch  lf5  located  In  The  clarifier  clearwoll  and  controls 
the  pump  to  prevent  the  pump  frora  pumping  the  clearwell  dry.  The  pump  ruay  be  started 
independent  of  the  float  switch,  by  positioning  the  selector  switch  to  the  hand 
position.     This  type  operation  is  only  for  ciarlflers  shown  in  Figure  2-15. 


KXRRCISE  IiI-2-2c 

INSTRUCTIONS 

Complete  the  following  questions.  You  can  consult  your  Instructor  if  you  have  any 
questi  ons. 

1.      What  are  the  two  types  of  hardness? 


2.       What  are  the  two  major  softening  methods? 


3.      Lime  is  added  to  water  to  reduce  hardness. 


4.       Lime  and  *;oda  ash  are  added  to  the  water  to  reduce 
hardness^ 


5.       Water  that  is  frcje  of  Ca  (HC03)2  t»nd  Mg  SO4  Is  said  to  bo  

water. 

C.       What  typo  of  high  rate  softening  equipment  uses  the  sludge  blankot  »)rincipl<\s  of 
of)oration?  


7.       What  chemical  tests  can  be  run  to  determine  carbonate  and  non-carbonate  baroness? 
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STABILIZATION 

INFORMATION 

Nocd  for  Stabilization 


will  scale  mains,  meters,  anrt  hot  water  heaters    VavnM  t^o^o         calcium  carbonate 
may  be  flr.t  supersaturated  as  tc  cafcluj  c^^Jo^at^cSnJi^t  irwMcS"^ 

Under  these  conditions  a  protective  ciiJlnr  ^5  dissolve  nor  deposit  calcl.im  carholmte. 
be  undisturbed,  thurDrev^n?lnriorros^^^  carbonate  lining  pipe  walls  will 

scaling  wlli  not  "ecu?:  corrosion  of  the  metal  underneath,  and  pr.„.reRsive 

eaujrSrrr'?Ir:rir.;;wrL-\JJ;il;!;a^?o„^  ?:H„'"  L^rrr  ^r^-^^'^^  saturat.on- 

"SaJb;rU;"'Sranh''-;i/Hr5*'*r""5        ''^^  ""^'^  as  ScuiRhUn's 

correction. 

rounn  useful  in  the  calculation  of  lime  dosacos  fnr  pH 
Stabilization  of  Lime  Softened  Wuters 

Lime  softened  water  may  not  be  stable  because  of  the  hleh  content  or  noi^i„«  ^ 

(free  COg)  remains  after  completion  of  the  reaction?  '        ca''f'""lc  acid 

formation  of  excess  amounts  of  noncarbonate  horrinpoc      no^«>  *u      ^'"^''"'^y  avoid 
scale  treatment  anrt  alkalinity  Jest?  hardness,     nase  the  dosa,;o  on  laboratory 

are  seve'ral  d\':tl^"t'\y'SeTof 'Lr?e"  ^'^'^^'^  appearance;  however,  there 

(2)  nixed  sca"le^'i^rcSi:ro^lo°;  SCctsf^n"^         eC^£,^°?r^^  TJll^^i?.      "^^  — 

loos^slS^e-Hk^din^sf^^;hT^ff  ^^^°3  Caldum  carbonate  forms  a 

iJh^r-njJe-f  s^ill  eh^ic"S^fs^--.k'?!-^.;-iJnl^?;  1-i^l;^-;-- 

combln^;tlo^ri??rp-d^Lrs^r^^.=!:^.-- 
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Scale  is  an  undosl  rablo  formation,  having  the  following?  adverse  c?f feels: 

1.  Reduces  the  safety  factors  by  clogging  the  safety  valves  and  Raiif^e  lines. 

2.  Clogs  pipes,  thus  reducing  carrying  capacity.     Pipes  should  be  cleaned,  if 
possible,  rather  than  replaced.     Once  the  scale  has  been  removed,  a  chemical  treatment 
should  be  used  to  prevent  new  formation. 

3.  Reduces  operating  efficiency  of  heating  and  cooling  systems  by  clogging  colls, 
heat  exchangers,  and  radiators. 

4.  Reduces  rate  of  heat  transfer  in  boilers. 

5.  Increases  cost  of  operation  by  adding  to  cost  of  maintenance  and  replacement. 

The  treatment  used  to  clarify  water  may  result  in  a  very  sparkling  product  and  yet 
be  a  heavy  scale  maker. 

In  the  cold  lime  process  of  clarification,  water  is  softened  by  chemical  reaction. 
This  reduces  the  scale  forming  hardness  minerals  thereby  protecting  the  distribution 
System  from  severe  scaling.     Any  process  that  will  reduce  hardness  will  reduce  scale. 

Scale  can  be  formed  by  several  different  compounds  but  distribution  lines  are  r^ost 
commonly  found  to  contain  calcium  carbonate  and  calcium  sulfate. 

BesldE^s  using  softened  water,  another  method  of  preventing  scale  formation  is  the 
addition  of  polyphosphates.     Polyphosphates  will  prevent  the  hardness  minerals  from 
coming  out  of  solution  to  form  thn  scale  and  also  stop  the  chemical  reaction  of  lime 
softening  so  it  will  not  precipitate  ouc  in  the  distribution  lines. 

Corrosion  or  rust  is  always  a  problem  In  water  lines  and  can,  if  conditions  are 
right,  completely  destroy  a  water  line  in  one  year  or  less.     Corrosion  Inside  a  water 
pipe  Is  difficult  to  detect  and  major  damage  can  occur  before  it  is  found. 

When  water  has  a  low  pll  (below  7)  corrosion  can  occur  rapidly.     The  remedy  is  to 
raise  the  pH  of  the  water  by  adding  chemicals  that  will  add  alkalinity  to  the  water  such 
as  sodium  hydroxide  (lye).     If  the  water  is  treated  in  a  lime-soda  nlant  ft  also  will 
cause  the  pll  to  rise  above  a  corrosive  level. 

Many  water  plants  add  small  amounts  of  phosphate  compounds  to  prevent  pipeline 
corrosion.     Phosphates  will   form  a  vnry  thin  film  on  the  Inside  walls  of  pipes  and  so 
prevent  moisture  and  oxygen  from  attacking  the  iron. 

When  water  is  to  be  used  commercially,  such  as  in  boilers  or  cooling  towers,  then 
strong  doses  of  corrosion  preventatives  can  be  added  but  domestic  water  must  be  only 
lightly  treated  and  then  only  with  chemicals  that  are  not  poisonous. 

DISINFECTION 

Disinfection  is  a  necessary  step  in  the  insuring  of  a  safe  water  supply.     It  Is 
almost  impossible  to  secure  a  natural  water  supply  free  of  bacteria  and  impurities. 
Therefore,  man  must  treat  and  disinfect  his  water  supply  before  he  can  drink  it  without 
risk.     The  most  commonly  used  disinfectant  is  chlorine.     It  is  the  disinfectant  normally 
specified  for  A< r  Force  use.     Disinfection  is  the  process  of  destroying  disease 
producing  organisms.     There  is  also  the  possibility  of  water  becoming  recontaml nated 
from  handling  before  consumption.     Therefore,  a  slight  chlorine  residual   is  provided  for 
after  purification  to  combat  secondary  contamination. 
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This  inlonnation  will  ho  discussed  under  t\w  followlnR  main  topics: 


o  Need  for  Disinfect  Ion 

o  ChumicalR  Used 

o  Typ«s  of  Treatment 

o  Chlorinatlon  Equipment 

o  Chlorinatlon  Controls 

o  Chlorinatlon  Operation  and  Safety  Precautions 
Need  for  Disinfection 

People  with  the  problem  of  supplying  satisfactory  wat«r  to  a  sitmU:  family  or  to  a 
city  must  meet  the  rigid  specifications  placed  upon  this  servict;  by  th<;  consumer.  Th<-se 
specifications  require  the  water  to  be  safe,  free  from  tastes  and  odors,  clean,  cheap,' 
and  in  abundant  supply.  ■icaK', 

The  clear,  cool  spring  water  of  past  years  which  was  pure  and  uncontami natcd 
represents  the  water  supply  that  must  be  duplicated  today  to  meet  the  nui-ds  of  the 
consumer.     Unfortunately,  nature  does  not  provide  pure  water  supplies  sultlcient  for  all 
?onJ!;Hn  ^oh"  "^'C^ssary.  therefore,  to  make  the  supplies  we  have  meet  our  requirements. 
Contaminated  water  must  be  made  free  of  disease  bearint;  organisms.     Hard  water  must  ho 
mado  soft.     Cloudy  water  must  be  made  clear.     Tastes  and  odors  must  be  removed.     All  of 
t'^ese  things  must  be  done  inexpensively  so  that  all  may  have  the  finished  product  in 
aftundance.     Man  is  fortunate  In  having  various  means  of  purifying  water  supplies,  the 
main  one  belnp  chlorinatlon.  i  > 

The    beneficial  effects  of  chlorinatlon  upon  the  general  health  of  our  nation  is 
^hT^r^n"^       k"!  ""^ter-borne  disease  including  typhoid  fever  was  very  common  before 

chlorinatlon  but  is  rarely  encountered  today.    Whether  applied  as  hypochlorite  or 
chlorine,   the  chlorinatlon  of  water  is  the  most  Important  treatment  used  to  make  raw 
water  potable. 

In  this  day,  ryhen  man's  interests  carry  him  both  far  and  near,  no  water  supply  may 
be  considered  entirely  safe  without  chlorinatlon.  The  most  remote  reservoir  may  be 
contaminated  overnight  by  a  careless  camper.  Shallow  wells  may  easily  be  contaminated 
by  polluted  surface  water.  Deep  wells  may  be  contaminated  at  any  time  by  polluted  water 
through  a  break  in  the  casing  or  the  opening  of  a  lead  to  a  polluted  stream  oreviously 
not  conne»M.ed,  All  raw  water,  from  tho  clearest  and  purest  to  the  most  turbid,  should 
be  chlorinated  before  being  used  for  human  consumption.  snouio 

Chemicals  Used 

Chlorine  Is  the  disinfectant  normally  specified  for  Air  Force  use.     It  is  presently 
^Ilt^^I'ih/^*'  5'^"°?®"^'"*  "^^"^  ^^""^  destroys  organisms  in  water  and  leaves  an  easily 
detectable  residual  that  serves  as  a  tracer  element.     its  sudden  disappearance  may 

r^nH^r  ^"          system.     Under  ordinary  temperatures  and  pressures,  chlorine 

is  a  greenish  yellow  gas  that  is  2.5  times  heavier  than  air.     Its  activity  as  a  disin- 
fectant depends  on  the  temperature  and  pH  of  the  water  to  which  it  is  added.  Disin- 
fecting action  is  faster  at  higher  temperatures,  but  Is  retarded  by  high  pll.     If  the  pll 
Jonfror.^:?;.   '^"i®  °^  disinfection  decreases  sharply.     Chlorine  may  also  be  used  to 
control  tastes  and  odors,  nuisance  bacteria,  remove  iron,  and  assist  in  coagulation. 

^hinnin^Jn  ^'"^^"^"E-     ^'i?"^''  Chlorine  is  a  liquefied  gas.     It  Is  under    pressure  and  Is 
shipped  in  seamless  steel  cylinders  under  Interstate  Commerce  Commission  regulations. 
The  gas  has  a  strong,  pungent  odor.     The  liquid  Is  a  clear  amber  color.     In  a  moisture 
tree  state,   it  is  relatively  noncorroslve.     In  the  presence  of  moisture,   it  is  hlrhly  ' 
corrosive,  and  is  an  irritant  to  the  respiratory  system  and  the  skin.    The  standard 
sizes  of  shipping  containers  are  the  150-pound  cylinder  and  the  om.-  ton  container. 
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Kuril  pound  of   li<juid  r.hlorinr  produces  about  five  cubic   feet  ol  chlorine  ji.is  at 
sitmosptieric  pressure  and  a  temperature  of  68*F.     A  standard  chlorine?  institute  valve  and 
ii  protectivcr  valve  liood  are  screwed  Into  the  neck  of  each  cylinder,     Tfie  valve  lias  a 
safety  pluj?  of  a  metal     hat  softens  between  157*  and  1G2*F.  ,  this  protects  the  cylinder 
from  bursting  in  cas<^        flr(«,     All  cylinders  must  be  factory  tested  ev<.»ry   five  years; 
ir)()-p()und  cylinders   =       t<^st<!d  at  noO  pounds  of  prijssure,  one-ton  contaiiutrs  at  800 
pounds  of  pressures. 

CAKCIUM  IIYPOCIILOKITE.     Calcium  hypochlorite,  Ca(0Cl)2  is  a  relatively  stable,  dry, 
granule  or  powder  in  which  the?  chlorine  is  readily  soluble,  and  is  sold  under  a  number 
of  trade  names  including  IITII ,   Perchloron,  and  lloodchlor.     It  is  furnished  In  three  to 
loo-pound  containers  and  has  Of)  to  70  percent  of  available  chlorine  by  weight.  Because 
of  its  concentrated  form  and  ease  of  handling,  calcium  hypochlorite  is  preferred  over 
other  hypochlorite's. 

SODIUM  IIYPOCIILOllITE.     Sodium  Hypochlorite,  WaOCl^   is  generally  furnished  as  a 
solution  that  Is  highly  alkaline  and,   therefore,   reasonably  stable.     Federal  specifica- 
tions call   for  solutions  havinf;  five  and  ten  percent  available  chlorine  by  weight. 
Shipping  costs  limit  its  use  to  areas  whore  it  is  available  locally.     It  is  also 
furnished  as  powder  under  various  names  such  as  Lobax  and  HTH-15.     The  powder  generally 
consists  of  calcium  hypochlorite  and  soda  ash,  which  react  in  water  to  form  sodium 
hypochlorite. 

CALCIUM  IIYP0CHL0IIIDI5.     Calcium  llypochloride,  also  known  as  chloride  of  limr;  and 
bleaching  powder,   is  a  low-grade  calcium  hypochlorite  testing  about  35  pcrcx^nt  available 
chlorine  wh(>n  fresh.     However,   it  deteriorates  rapidly  in  hot  moist  atmosphere  and 
should,   therefore,   be  purchased  in  small  packages  that  can  be  kept  effectively  sealed. 
Calcium  hypochloridc  contains  an  excess  of  insoluble  lime,  hence,  solutions  should  be 
prepared  in  a  sc;parate  container,   the  lime  permitted  to  settle,  and  th(?  li<|Uid  decanted 
into  a  separat(*  tank  for  use. 

CIILOinNE  DIOXIDE.     Chlorine  dioxide,  CIO2,   is  produced  by  adding  sodium  chlorite 
solution  at  the  discharge  end  of  a  gas  chlorinator  and  running  the  mixture  through  a 
small  contact  chamber  before  introducing  it  into  the  water.     It  has  21.5  times  the 
oxldl>cing  power  of  chlorine  and  is  effective  in  taste  and  odor  control.  Rx|)erifner.ts 
indicate*  that  it  may  be  a  bf*tter  bactericide  than  chlorine  in  nonpol  luted  watcjrs  wher<» 
it  is  not  us(?d  up  in  oxidation  before  its  bactericidal  action  can  tako  placc». 

MISCDIjLANKOUiS  :     Miscellaneous  purification  methods  and  agents  are  as  follows: 

o    Water  may  be  disinfected  by  boiling  vigorously  for  two  or  three  minutes. 

o    Ozone  released  in  water  from  atmospheric  oxygen  will  act  as  disinf ectari i; , 
The  ozone  is  produced  from  dry  air  by  an  electric  discharge.     It  is  only 
slightly  Sf)luble  in  water  and  requires  a  thorough  mixing  to  be  effective. 

o    Ultraviolet  ray  may  be  utilized  as  a  disinfectant.     In  this  im»thod,  the 
water  flows  tn  a  thin  stream  past  or  around  special  lamps  whicii  give  off 
ultraviolet  rays.     The  rays  are  ineffective  in  colored  or  iiirbid  waters. 

o    Halazone  or  iodine  tablets  may  be  used  for  emergency  or  field  disinfection 
of  water  in  small  quantities.     These  tablets  are  M«ed  one  or  two  to  a 
canteen  of  water. 

o    Lime  is  used  (|uitti  extensively  in  water  softening  plants  and  i  1.  will  also 
disinfect  the  water.     Its  use  has  been  restricted  to  commercial  plants 
because  of  the  skilled  operation  required  to  give  satisfactory  r<.'t;ults. 

o    Potassium  permanganate  and  silver  may  also  be  used  »:H  diiJinf ectan ts. 

REACTIONS.     When  chlorine  Is  introduced  into  pure  water,   it  renct^  to  Inrm  hypochlorous 
acid,  IIOCl,  and  hydrochloric  acid,  HCl. 
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For  available  In  a  nnnbor  of  diff.ront  forn.s. 

ri2  and  II;jO   >  uoci  and  HCl 

available,  flowover,  most  natu;al  laLJs  con?^  J  «Lf ,  '  '^'f « "'^^<=tl  hk  ability  arc  f„ny 
0.1S  organic  substances.     Free  available  rh?nMn^  t      I  ammonia  and  nitrogon- 

such  as  MII2CI,  and  other  compll^iJ loJfne-Jl  tloLn  cnmnnr'n'^  ^^^^'^  c^loramlnes, 
combined  cillorine,  slnco  part  of  ?he  nr^Hw  ^I^^  componnds.     Thoso  forms  aro  trrnod 
is  lost.     Both  fr^e  aCanSle  Tnd  JLh^^i^f         rtl  si  nf  ooti  ng  ability  of  the  chlorine 
water  until  tSei  ^Lfdl  L  ng'and"3l  s^SeSnf  ib[  7t^  -"^«tanco.s  In  tho 

chlorine  required  to  react  wr^h  ti^i^      v        ability  is  doplotod.     Tho  amount  of 

is  called  the  ch?oMnr;ema:i  '  Ch!oM  no'rema?n?ni",:  'T'  """^'^y 

the  total  chlorln,'  residual     or  ros^^u^^  rhTol.         ^1  f''''*'''''        '^'^  chlorine  doman.i  is 

avuilablo  and  rombl  nod  cStoN  S.^    a?  JetermJJpd  h     th  ^  •\  ^oth  froc 

r.ro  difforc-ntiatod  by  th,.  orthototrdl  ne  «Tl     f .       tho  or  thoto  I  i  di  no  t.-sr.;   t.Mo  two  forms 

the  introduction  of  ^h^M ^n^ S^^^SrS^'U^^,?^^.^-?^^^ 

Def  Inl  tlon.s 


rema/Ji  .ftVrTd  ch'JoM":  ie'man'd  llZuTt'Tr  chlo%T;*'''  '"/"^  ^^'^^  ^"^'^^^^  '^-'^^^ 
organic  matter)  has  been  satfsned    TCsence  nJ  ri^iH '^'^'^'^''^y  hact.^ria  and 
insurance  a,^alnst  non-contam  natfon.     M  nxed  ins^nn  ^  ^  *^^-r  supply  is 

content  of  0.4  ppm  Is  required  at  Si  Jimes        '  ""t'"       « ■  «  chlorino  rosidunl 


hypo^hl\.ro.ra;75";:\;p;c,°w;r"uo  ill^lolll't  rr''^: 

effoctivo  disinfoctlnR  S  o?  chlo^Tn^  rc.l«M  /'T''  "'"'^  ''''' 

water  Is  dependent  up^n  the  pll  v^l n^c^f  ihe  ^Jtor        f".  "T" '  'ho 

whon  tho  pH  is  raised     thn  mimf^fv  ^?  f!^  f^'.,       * "  ''"""''tant  to  romonhor  that 

number  of'.lcro-o  Ssms  l?;;oa;es      wfth  a'd«^  f"'r""' 

dosage  is  re..ulred%o        nUr;''r^:'';ame'' ;S.Lrormrc%*  lloJg^K^^H 

anmoJfi  o^Tr;r"o^^^ti^^l^  c^^Io^r'rnes^"  ^""""^  --ts  .1  th 

coJtL  IvarlaSre";?irlnT*""'  '^'^  ^'^'^^'^  chlor.no  and  the 

the  ch;orfn'e°ieL'n3°aT:;„'^r?:  iLT.  '"""""'.h"'  r'^""*"^  ^'^"'"^  -^'^fy 
is  usually  sta?!^  ,  n^LrmJ^fprrtrS      ^I^^  Jp^)!'^"^  ^' '^'^ 

.Mo^l^^4Sn^"";l^n/!ge^";;  m^^^i^rffc'''  '"""v"'  --^^'^  ^^^h 

nature  and  nuanl .r^V'^r^hlin  ne-SonL  i^n^a?"  ts'  llTnU  ^'^l-* '-""'^  varies  with  tho 
the  water,  and  tno  contact  period?  aR^nts,   tho  pi!  value  and  thn  tomporaturo  of 

.inu^li  an;r"c5?oMVlraddod'°'';Sen'o;r;pi"  r^^-'-        ^"-t-ny  -tisflod  ten 

tcn-mlnute  period,  sa?l s factory  dl sl^fectfnr  rosidual  remains  after  tho 

20  minutes  of  contact  '  action  usually  results  after  an  additional 


Ef  fectl  venosjs 


Howeiei,  JJoe 'ala^  l7Se^',!iorfn' ^'f' ' '^T'  »  -^''^ly  with  inerouso  In  resldn.I. 

the  relative  ^  re°^rdCl["?rrmp.v;un^?^^*"'^^  - 

rcsldu'il.'^Uhr;  !;:r'ma?-li:i';V?;uT  rf"t'he'  •"^'"•""^^  proportional  to 

period  is  doubled.  residual   is  halvd,   tho  requl  rod  cat]  tad 
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(3)     TcMnptTi!  tiir(».     (';r  r«'rti  v('M*»ss  at  35*  to  40*F.   is  half 


that  lit   70»   to  7i}'}' 


(\)     pll.     Kf  focti  vcnoss  Is  hli?host  at  pH  below  7.0.     At  pll  8.0,   it  is  half  and  at  pH 
0.0,   It  is  on(?-r(Mirth  to  ono-slxth  as  effective  as  at  pi!  7.0. 

(5)     Points  of  application.     Plain  or  simple  chlonnation  is  the  sinjxlo  application 
of  chlorine  to  unflltcrod  supplies  before  discharge  into  the  distribution  system,  as  for 
example,  thf»  clil ori  nat i on  of  ground  water  supplies  and  previously  unchlori  nated 
purchased  supplies.     Prechlorination  is  tlie  application  of  chlorine  to  raw  water  before 
coagulation,  sedimentation,  and  filtration.     Postchlori natl on  is  the  application  after 
filtration  but  before  the  water  leaves  the  treatment  plant.     Rech 1  or I na t i rn  is  the 
application  at  points  in  the  distribution  system  or  tc  a  previously  chlorinated 
purchased  supply  to  maintain  tlie  chlorine  residual.     The  above  applications  are  normally 
continuous.     V(»ry  heavy  clilori  nation  for  a  limited  period  is  applle<|  at.  specific  f>olnts 
of  the  distribution  system  to  destroy  localized  contamination. 

Areas  Requlrinp:  Special  Treatment 

AMOKBIC  CYiSTS.     Amoebic  cysts  are  best  removed  by  diatomite  filtration  preceded  by 
adequate  coafTulatlon  and  settllnf?.     When  this  Is  not  possible,  water  suspected  of 

containing  cysts,   if  moderately  clear  with  pH  of  7  or  less,  can  be  disinfected  by  adding 

enouKh  clilorl'ie  to  produce  a  residual  slightly  greater  than  2  PPM  after  a  30-nl  nute 
contact  period. 

When  schistosomiasis  Is  a  problem  and  diatomite  filters  are  not  available, 

reasonable  protection  can  he  obtained  by  adding  enough  chlorine  to  produce  a  residual  of 
one  PPM  after  30  minutes  contact. 

SWIMMlNd  l>()()Ji»S.     Malntalnlnj:  a  safo  chlorine  residual   in  swimmlnj^  potil  watc;r  is  eviMi 
more  important  tlian  maintaining  it  In  drinking  water.     This  is  becaus(»  drinking  water  is 
protected,  while  swimming  pool  water  is  constantly  contaminated  by  the  bathers.  Water 
spit  out  by  one  bather  may  quickly  be  swallowed  by  another.     The  length  of  tine  the 
chlorine  has  to  act  may  be  very  short.     Hence,  chlorine  residuals  must  be  kept  very 
high.     At  all  Air  Force  swimming  pools,  the  free  available  chlorine  residual  shall  be 
maintained  between  0.4  and  O.G  PPM.     In  addition  to  killing  bacteria  rapidly,   this  level 
of  chlorine  residual  will   prevent  the  growth  of  algae. 

niSINFRCTIKC,  SYSTI^M  COMWNRNTR.     Water  mains,  wells,   filters,  stornr,e  tanks,  and 
other)  unl ts  of  a  water  supply  system  become  contaminated  during  construction  and  repair. 
Flushing  the  syst(?m  to  remove  dirt,  waste,  and  surface  wator  wlilch  is  introduced  is  tht* 
first  step,  hut  is  not  a  sufficient  safegard.     To  insure  a  safe  water  suf>ply,  oacli  unit 
of  the  system  must  be  tliorouglily  disinfected  before  it  Is  pliiced  in  opc'ration. 

The  chemicals  used  in  disinfecting  a  water  system  are  the*  same  as  thos(j  used  In 
disinfecting  the  water.     Hypochlorite  solution  or  chlorine  gat;  are  most  commonly  used. 

Chlorine  dosage  required  to  disinfect  any  unit  thoroughly  depends  on  contact  time, 
and  tht?  pres(>nce  of  organic  chlorine  consuming  material  such  as  the  jute  used  In  pipe 
Joints.     Under  average  conditions  the  following  minimum  dosages  are  r<?c()mmended . 

Uni  t  Dosage  (PPM) 


Pipe  50 

Storage  Tank  50 

Fi Iter  100 

Well  150 

The  volume  of  water  In  the  unit  to  be  disinfected  must  be  computed  before?  chlorine 
dosage  can  b(?  estimated. 
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Types  of  Treatmf?nt 


Is  Shlorin,,  lidded    ?he'f^.?";ll?;,',!,°?'°'"'"«'  «' "<>  cabined  chlorin,,  ,m,^„„t. 

again  bcRlns  to  Increase  Is  ?hrhr«r  n  fn.        '^°*     ^^"^  ^he  residua) 

o?  break%olnt  ci  oHna?lin  Tre  Mph  b^c  SJl'cidal'p?fr^?  1"  ''^""'^  Arfvanta^os 

and  low  taste  and  odor  characteristics      ?hi  inn  ,1      """7^  '""^  "'"'^^'"^  residuals, 
procedure  before  1  nsteaf  ^^^af  f  o^'r^f  1  ^^^atlS^  l^^^VrL:',  S°i?^aSi?^' 
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FlKure  2-10.    Dreak-Polnt  Chlori nation  Curvos 


SUPKRCIfhOH  [NATION.     *Snr><Jr(!li  1  ori  nat  i  on  is  the  application  of  mor<'  <»Jilorin(?  than 
ncM'dod  for  tho  clilorinc;  rcvsMual  (»s.spntial  to  marginal  clilorl  nation ;  Mii?:;  is  rlono  to 
control  t:ist«*s  nnrt  Ofiors.     This  method  is  particularly  valuable  In  siirfucf^  water  with 
variable  jinmonla  and  organic  cont<»nt.     The  surplus  chlorine  Is  later  ronoved  by  aeration 
or  by  :i  derhlori  nati  np;  aR(?rit  snch  as  sulphur  dioxide  or  activated  carbon.  Sulphur 
dioxide  reacts  with  chlorine*  to  form  acids  which  are  neutralized  by  the  natural  alka- 
linity of  the  water.     It  is  fed  by  equipment  similar  to  that  used  for  chlorine  feedinjr. 
Activated  carbon  absorbs  excess  chlorine  and  is  removed  by  settling  or  filtration; 
aeration  removes  excess  chlorine  by  dissipation  to  the  atmosphere. 

Chlori  nation  Equi  pment 

Chlorlnation  equipment  to  feed  chlorine  pas  or  hypochlorite  solution  is  of  thr(»e 
general  types,  depending  on  methods  of  control.     In  the  manually  c<introllt'd  type, 
cfcpiipment  must  bo  started  and  stopped  manually,  and  rate  of  food  must,  he  manually 
adjusted  to  rate  of  water  flow.    In  the  semiautomatic  type,  equipment  starts  :uid  stops 
automatically  as  water  flow  starts  i\nd  stops,  but  must  be  manually  adJuKt(»d  to  rate  of 
water  flow.     This  type  Is  normally  Ut^ed  with  a  water  pump  having  fairly  uniform 
delivery.     In  the  fully  automatic  type,  rate  of  feed  is  automatically  adjusted  to  rate 
of  flow  of  water  being  treated.     The  differential  pressure  of  a  metering  device  Is  used 
to  accompli&h  this.     In  all  types,  the  ratio  of  feed  to  water  treated,  or  dosaRe,   is  set 
by  manual  adjustment.     Chlori nators  may  also  be  classified  generally  as  direct  feed  and 
solution  feed.     Direct-feed  machines  are  designed  to  operate  without  a  pr<»ssure  water 
supply,  feeding  the  chlorine  gas  directly  to  the  flow  to  be  treated.  Solution-feed 
machines  dissolve  the  gas  in  a  minor  flow  of  water  and  inject  the  resultant  solution 
into  the  flow  to  be  treated.     They  require  a  pressure  water  supply  for  operation. 
Chlori  nators  are  also  classiri(»d  hy  the  type  of  diaphragm  used  in  controllling  the 
chlorine  feed.     There?  are  two  types,  the  water  dlaplragm  and  the  mechanical  diaphragm. 
The  water  diaphragm  machine  is  always  vacuum  type,  solution  feed  machine  and  has  the 
advantages  of  a  friction  free,  puncture-proof  water  diaphragm.     The  me<rhanical  dlaphrat?m 
machine  may  be  either  direct  or  solution-feed  vacuum  type  only. 

DIKRCT  KEKI)  CIILOIUNATOIIS.     Direct  feed  chlorlnators  are  used  chiefly  us  emergency 
equipment  and  on  small  installations  where  It  is  not  possible  to  obtain  a  water  supply 
suitable  for  operating  a  solution  food  machine.     They  cannot  be  used  where  the  pressure 
of  the  water  being  treated  is  more  than  20  p.s.l.  and  are  limited  in  the  types  of  semi- 
automatic or  automatic  controls  which  may  be  used.     Due  to  dilorine  being  under  pressur<» 
as  a  gas  at  all  times,  direct  feed  machines  are  highly  susceptible  to  leakage  of  the  gas 
to  the  atmosphere  with  resultant  corrosive  action  on  adjacent  equipment  and  structures. 

SOLUTION  FKEI)  CHLORINATOHS.     Solution  feed  chlori  nators  Introduce  chlorine  gas  into 
th(j  water  supply  by  means  of  a  chlorine  solution  usually  formed  by  drawing  chlorine  gas 
into  the  jet  stream  of  water  at  the  low  pressure  point  of  an  Injector  inecrhanism  of  the 
chlori  nator.     Two  general  types  art*  used  In  the  water  works,  the  h/ihbling  or  pulsatlnf: 
r(»duced  pressure  type  and  the  vacuum  type.     Because  they  keep  the  chlorine  under  a 
partial  vacuum,  they  cause  fewer  chlorine  leaks  than  pressure  gas  chlorlnators  and 
direct  dlff users. 

Vacuum  Type,  Water  Diaphragm  Chlori  nator  manufactured  by  V/allace  and  Tiernan,  Inc. 
(Gee  figures  2-17  and  2-lR.) 

This  typo  machine  has  a  bell  Jar  set  In  a  tray  of  water  which  afts  as  the  water 
diaphragm.     A  small  quantity  of  water  Is  constantly  supplied  to  th<»  I  my  to  maintain  the 
bell  seal  and  the  excess  overflows  to  the  waste.     In  some  machines  this  w.itrr  Is 
supplied  through  a  constant  level  hox  with  float-controlled  make-up  valve.     The  main 
elements  of  this  chlori nator  are  the  Injectors  through  which  a  water  supply  riows,  the 
chlorine  control  valve,  and  the  orifice  meter.     The  Injector  creates  a  partial  vacuum 
within  the  hell  Jar  causing  tlu*  water  level  to  rise  Inside  the  Jar.     Chlorine       <  passr^s 
from  the  chlorine  cylinder  through  the  chlorine  pressure  reducing  valve  and   Into  the 
bell  jar.     The  pressure?  reducing  valve  Is  located  inside  the  bell  Jar  and  Is  controllel 
by  c  ball   float  which  moves  with  the  surface  of  the  water  within  the  bell  Jar.  This 
inside  water  surface  acts  a*5  a  diaphragm  which,  when  It  lowers,  caus(?s  the  float- 
controlled  valve  to  reduce  the  chlorine  flow  Into  the  bell  Jar,  and  eon  vr 'rsrjl  y ,  to 
Incr(?ase  the  chlorine  flow  when  the  water  level  rises. 
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PlfTure  2-17.     Views  of  Vacuum  Typo  Ch  lorl  nators :     (1)  Water 
Diaphragm;   (2)    Mechanical  niaphrap:in 
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I'Mrnri*  2-lR.     FJow  DiaRram  of  Vactium  Typo  Ch lor!  nn  ^or-Wal  (?r      n ph raivn 
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?SeeTji;?e'2-r9^"'^"'  maphra.m  Chlorinator  Manufact.. r..]  by  v/allaco  and  Ti.rnan.  Tno. 
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Pigurp  2-19.     Flow  Diagram  of  Vacuum  Type  Ch lorl nator-Mochnni c 
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7*M^  brll   .inr  i«  ;•  1  so  provi.1(^ii  uith  :i  vru-imn  rrlit-f  v:i!\<-  (,«  .i.^pm  t   ;» t  i-  u!',-m   Hm-  .-riKM-in.- 
supt^y   is  rKli;iii^:tiNi  «»r  ♦nils  :nui   t?i,-  wjitor  lt»vt»l    i  rt   ( h«-  .ur  its,-:.      ifu-  ..u-f,fin.-  .^iiri.*- 
Is  .ilso  looatod  in^Mr  tUr  UvU  .far  nnil  above  the  wal<'r  Invol.     It  controls  thr  flow  oT 
chlnrJno  jras  to  tho  in.j(H»tor  wh(»ro  it  Is  mixed  with  wat<»r  to  form  a  cfilorino  solution 
which  is  then  mixed  with  watrr  to  be  treated.     Rate  of  feed  is  proporti  onn  1  to  the  nop:,i- 
Hvo  prossiiro  dirforfnco  botwoon  the  hell  Jar  and  meter.     The  amount  oT  vacuum  within 
the  met(»r  l«  (:ontroll(?d  by  th(»  hc^i^ht  of  the  adjustable  suction  tube,  and   is  indicated 
by  th<»  rls<?  of  water  in  th(»  annular  space  within  the  plass  meter  tube.     A  sen  If?  nounteri 
on  the  metering  tube  indicates  th<?  rate  of  chlorine  feed  in  pounds  per  24  hours.  This 
maehine  can  be*  c?n"ippe(1  for  miinual ,  semi autonatl c  or  automatic  operation. 

Th(?  chlorine?  eontrol   valve  and  compensator  are  of  the  needle  and  di  ff  r^rentl  al 
dlaphr;M^m  type,     f^as  pressure  is  reduced  by  this  combination  valve  and  coi^pensator 
bc?rore  mettrrin^;  and  it  maintains  a  constant  pressure  of  chlorine  gas  against  the 
meti?r!rig  orifice.     The  metered  flow  of  chlorine  gas  is  passed  through  the  meter  to  the 
injector  whr>re  it  is  mixed  with  water  and  the  resultinp;  chlorine  solution  is  then  mixed 
with  the  water  to  be  treated.     A  vacuum  relief  valve  is  provided  at  the  metering?  ori- 
fice chamber,  which  admits  air  should  the  chlorine  gas  supply  become  exhausted  or  fail. 
Equipment  for  manual,  semiautomatic,  or  automatic  operation  is  optional. 

HYPOCHLOHINATORS.     Hypoch lori nators ,  or  solution  feeders,  introduce  chlorine  into 
the  water  supply  in  the  form  of  hypochlorite  solution.     They  are  usually  positive 
displacement  piston  or  diaphragm  mechanical  pumps.     Selectior.  of  a  fender  depends  on 
local  conditions,  space  requirements,  water  pressure  conditions,  and  supervision 
available?.     Ilypochlori nators  arc  sometimes  used  as  stand-by  equipment  for  ras 
chlorinators.     There?  are  many  makes  of  chemical  feed  equipment:     (1)  Proporti oneers 
Chlor-O-Feeder  is  a  positive?  displacement  -  diaphragm  type  pump,  (2)  Wallace  and  Tiernan 
Hypoch lori nator  is  a  positive-displacement  diaphragm,  and  (3)  Model  S  Hypoch lori nator  Ts 
■^osi  tl ve-displacement  diaphragm  pump. 

Hypochlori nators  are  basically  constructed  on  the  same  principles  which  employ  a 
diaphragm,  piston  rod  to  move  diaphragm,  check  or  poppet  valves,  stroke  adjuster,  trans- 
parent plastic  head,  and  an  eloctric  motor.     See  figures  2-20  and  2-21  for'  typical 
chlorl nator.     The  operation  of  chlori nator  or  chemical  feed  is  basically  the  same.  Tho 
suction  stroke  of  the  diaphragm  draws  solution  from  the  solution  tank  into  the  pumping 
chamber,  through  discharge  tubing  into  the  main  water  line.     The  pumping  chamber  has 
check  or  poppet  valves  on  the  inlet  and  outlet  ports  that  open  alternately  with  each 
pump  stroke,  thus  keeping  the  solution  moving  In  one  direction  only.     (See  figures  2-20 
and  2-21.)    The  pumping  chamber  consists  of  a  transparent  plastic  head  that  aids  in 
visually  inspecting  the  pump  for  e>peration.     The  diaphragm  and  poppet  valves  are  molded 
from  synthetic  rubber. 


Drive  Unit 


Plunger 


Displacennent 
/Chamber 


Figure  2-20.     Chemical  Peed  Pump 
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Figure  2-21.     CroSB  Section  of  Typical  DiaphraRm  Pump 
Chlorl nation  Controls 

Procedure  for  PerformlnB  the  Chlorine  Residual  Test: 
1»      Obtain  water  sample. 

ninso  the  two  tost  tubes  with  sample  to  be  tested. 
Add  0.5  ?1L  ortho-toltdlno  (OTD)  to  one  test  tube. 
A,id  10  Ml.  or  sample  to  the  other  test  tube. 
Transfer  the  10  ML  sample  to  the  other  tost  tube. 


2. 
3. 
•1. 
5. 
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IMPORTANT:    The  reason  for  transferring  the  10  ML  sample  to  the  second  test  tube 
is  to  permit  a  good  mixture  between  the  OTD  and  the  sample,  thus 
preventing  the  possibility  of  contamination  while  hf ndling. 

6,      Fill  second  test  tube  with  10  ML  of  sample* 

1.      Select  the  proper  disc  and  place  in  comparator. 

8.  Place  the  two  test  tubes  in  the  comparator  making  certain  the  sample  with  OTD 
is  in  the  right  hand  side  of  the  comparator. 

9.  Holding  the  comparator  to  a  source  of  light  rotate  the  disc  until  a  color  match 
is  made. 

10.      Read  the  chlorine  content  in  the  window  of  the  comparator, 
11 •      Record  the  chlorine  content  and  reserve  for  further  use* 
12,      Clean  and  store  equipment  to  its  original  position, 

CHECKING  RATE  OF  FEED.    To  ascertain  that  chlorinator  is  feeding  the  indicated 
amount^  the  cylinders  are  usually  mounted  on  a  platform  scale.     Loss  in  weight  during 
the  check  period  is  observed. 

Rate  of  feed  -  Loss  in  weight  x  24      •  Pounds  per  day. 
Check  Period  in  Hours 

Rate  of  feed  of  bypochlorinators  is  found  from  the  loss  in  volume  of  gallons  of 
solution  by  determining  change  in  depth  of  solution  in  its  container.    Knowing  the 
solution  strength,  the  pounds  chlorine  used  can  be  calculated.    Substituting  this  figure 
in  the  above  equation,  for  the  loss  in  weight,  the  pounds  per  day  rate  can  be 
determi ned. 

Chlortiiallon  OprriiLhiii  and  iSufoly  ProcaullonH 

CHLORINATION  OPERATION  PRECAUTIONS.    Chlorine  gas  is  extremely  irritating  to  sensi- 
tive tissues  of  the  eyes,  mouth,  throaty  and  nose.    Repeated  exposure  to  relatively  low 
concentrations  may  have  a  cumulative  effect  on  lung  tissues.    Because  chlorine  is 
heavier  than  air,  exhaust  fans  are  installed  to  draw  air  from  the  lowest  point  in  the 
room.    The  exhaust  systems  blowers  or  fans,  must  have  their  switches  readily  accessible 
from  the  outside. 

Chlorine  is  noncorrosive  when  dry  but  very  corrosive  when  moist.     Parts  coming  in 
contact  with  chlorine  solution  must  be  made  of  silver  or  other  noble  metals,  tantalum, 
glass,  rubber,  or  certain  synthetic  compounds. 

Chlorine  reacts  with  greases,  oils,  ethyl  alcohol,  and  ether  to  produce  solid 
compounds  which  clog  fittings  and  chlorinator  parts.    Wood  alcohol  is  the  best  clean- 
ing agent  to  remove  these  compounds.     Extreme  care  must  be  taken  to  provide  adequate 
ventilation  while  using  it. 

If  chlorine  gas  is  drawn  off  too  rapidly,  frost  forms  on  cylinder  and  lines.  Freez- 
ing retards  passage  of  the  gas.    Maximum  safe  rates  from  150  pound  cylinder  is  40  to  50 
pounds  per  day  and  400  pounds  per  day  from  one-ton  cylinders. 

Each  cylinder  valve  is  equipped  with  a  fusible  plug  of  an  alloy  designed  to  melt 
between  157^F  and  162*F  for  the  purpose  of  releasing  the  contents  of  the  cylinder  in  tho 
event  of  fire  or  other  exposure  to  high  temperatures. 

Use  a  paste  of  freshly  mixed  litharge  and  glycerin  to  make  up  threaded  Joints. 
Support  piping  securely,  slope  piping  so  It  drains  back  to  cylinder. 

Open  chlorine  valves  slowly  and  carefully,  using  a  wrench  of  proper  size  (not  longer 
than  six  inches).    Open  valves  only  part  way;  one  full  counterclockwise  turn  of  the 
valve  stem  permits  maximum  discharge. 

Close  valves  as  soon  as  cylinder  is  empty  and  crayon  mark  the  cylinder  with  a  large 
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CHLORIMATION  SAFKTY  PRECAUTIONS 


1. 

2. 
3. 
4. 


6. 
7. 


8. 
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?or"5r>i:arjL{?%:ZjL°'  ^"^  cHlorinat«r  room  .s..rr,c,ont. 

Allow  only  reliable  and  trained  men  to  handlo  chlorine. 
Handle  containers  carefully  to  avoid  droppl nR  or  humplnR  'hem. 
^se*sa?e*ff{tfnp"c"fai^s:'  "  Vo.si^e;  ,f  hoisting  ,s  n.-.u-s.^ary . 

Store  cylinders  In  a  cool  place,  away  from  dampness,  steam  lines  and  fir,, 
and  in  an  upright  position,  secured  from  tUtlnr  and  famnil 

Keep  protective  valve  caps  on  containers  whon  not  In  use. 

Never  connect  a  full  cylinder  to  a  manifold  with  another  rylindrr  unless 
temperature  of  both  arc  approximately  the  same.  .vnnn,  r  unless 


When  chlorine  is  not  being  drawn  or  Is  empty,  keep  the  valves  closed. 
L\'r;t"1a?;r:ut?etr"  -^^^V  ^-^-^^  ror  chlorme 

When  chlorine  leaks  occur,  only  qualified  personnel,  with  sul  fable  re.^ni  roi-^r„ 
equlpnent,  will  be  assigned  to  1  nvestl pate  and  corr^crthe  troll^le.       '  ' 

Do  not  apply  water  to  chlorine  leak  as  It  Is  verv  ha-'arH,>iic:  „nri  i «.  ■ 

corrosive  action  which  will  enlarge  leak.  f^a^ardo-.s  and  results  in 

12.  Hover  apply  flame  or  hlow  torch  or  other  direct  heat  to  chlorine  containers. 

13.  Temperature  of  a  chlorlrator  room  should  be  aK.>iit  7n»P. 

cy!ln3e?^!  °"  shipping,  storing,  and  using  compressed  gas 

IS7o^"re^l^^iy"[^;de%^*"'^'•         ^"^  -^'^'n^^  <^'-lor.ne  gas. 

17.      Provide  proper  means  of  egress  from  areas  where  chlorine  Is  stored  or  used. 

inrout«fJe*^f'""°K!''''i  Chlorine.     Mask  should  be  located  near 

a    each  J'  '^^^"^'"^  storage  areas.     A  minimum  of  two  khs  .hhsUs 

at  each  chlorine  feeder  or  storage  area.  (hhsks 


^?1Se"lea;      Jfthe'vf  ctrl'fi'""  '"""^  '''''  '"'•'""^^•'^  r-""  'he  area 

«,.Mfh'i.  ^    Victim  is  unconscious  and  not  breathing,  use  the 

nouth-t«-n,outh  or  back  pressure  arm  lift  method  of  i-roducl  nr \rtl  fl  cl  m  I 
respiration.     Summon  „uaUMed  medical  assistance  Immertla  "iv 
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FLUORIDATION  AND  DEFLUORIDATION 

In  renont  years  statistical  studies  have  been  made  showlnR  that  where  naturally 
oreurrlng  f  uorldes  wore  present  In  appreciable  amounts.  Indicated  tooth  dJcay^moL 
the  residents  was  surprisingly  low.  especially  among  children  and  yJun,,  a^Cus.  ?Sfs 
eondlt  on  renerally  ho  H  throM,;hout  their  life  span.     Subsequent  larre  se;."/.  e^nprl- 
.-nentat.on  in  certain  cities  of  the  United  States  1  ndU:,  t  ...i  Vh..,i  ulw^I:  r^M:.,,,,;:^'?.';^'.... 
were  applied  in  controlled  optimal   amount  of  about  1.0  ppm  to  the  waU-r  supply     cav  - 

J'^M  ."..fn     /'VT.  '"'•[^^''-^'^  f'""        to  GO  percent.     Installation  for  the  kpp  icatlon 

or  fluorine  (e  ther  in  the  form  of  fluorides  such  as  sodium  fluoride,  or  of  acids  Snc" 
as  hydrofiuosllfclc  acid)  oust  have  the  approval  of  the  Surgeon  General.  H.S?  A^r  Force. 

This  information  will  bo  discussed  under  the  following  main  topics: 

-  Fluorld(!  Conpounds 
Equipment 

-  Application 
DosaRO 

-  Sampling 

-  Testing 

-  Def luori dati on 

-  Safety  Precautions 

This  study  guide  will  not  contain  all  the  information  you  will  need  to  know • 
therefore    the  study  of  additional  material  is  recommended.     The  additional  study 
naterial  is  listed  at  the  end  of  this  study  guide. 

Fluoride  Compounds 

There  are  three  fluoride  compounds  commonly  used  in  fluoridation.     They  are 
/u'^ll'o  t^""!!!"""  «l'l«orl"Orlde  (Na2SiFG).  and  hydrof  luosl  1 1  ei  e  acid 

(ilaSlFo).     The  first  two  are  dry.  white,  crystalline  salts  in  powder  form,  and  the 
last  is  a  corrosive  liquid.     All  are  toxic  chemicals  and  must  he  handl.-d  vlith  extreme 
Tnrm'  standpoint  of  both  bodily  contact  and  Inhalation  of  dust  if  in  powder 

The  powder  chemicals  are  generally  packaged  in  100-pound  paper  bags  or  350-400 
pound  fiber  board  drums;  acids  are  usually  obtained  in  100-pound  or  S^-rallon  rubber 
lined  steel  drums. 

Store  all  chemicals  in  a  dry  room  convenient  to  feed  equipment.     To  protect 
chemicals  from  damage,  place  packages,  including  steel  drums,  on  boards  or  erids  to 
perm  t  air  c  rculatlon  to  prevent  moisture  forming  on  the  container  bottom.  "  Ilopner 
filling  openings  should  bo  at  a  suitable  height  to  avoid  the  use  of  ladders  and 
platforms. 

Kqul pment 

Fluorides  are  proportion  fed  into  water  either  as  liquids  or  solids.  Chemical 
feeders  can  be  broadly  divided  Into  two  types:     solution  feeders,  which  are  essc^n- 
tlally  small  pumps,  used  to  feed  a  carefully  measured  quantity  of  accurately  prepu.rt 
fluoride  solution  (hydrof luosl 11 ci c  acid)  during  a  specific  time,  and  dry  feeders 
whlcli  deliver  a  predetermined  quantity  of  the  solid  material  during  si  clven  time. 
Ury  feeders  can  be  further  divided  by  types  depending  on  the  method  of  controlling 
the  rate  of  feed.     Volumetric  dry  feeders  deliver  a  predetermined  volume  of  dry 
chemical  within  a  given  time;  gravimetric  feeders  (loss  in  weight)  deliver  a 
predetermined  measured  weight  of  chemical  within  a  given  period. 
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Volumetric  feeders  (Figure  2-22)  will  deliver  as  little  as  threo  to  four  ounces  ner 
o  oo.*^,^^''*  supplies  of  200,000  gallons  or  more  dally.     Gravimetrlr.  forders  (FlKure 

/iff*""        little  as  ono  pound  per  hour  but  are  Ronorally  used  to  treat  supplies 
of  five  million  gallons  or  more  dally.  •-•v.ai,  n,,i,.in.b 


Figure  2-22.     Volumetric  Feeders 


Figure  2-23.     Gravimetric  Feeders 


Volumetric  Type  Dry  Feeder 

The  maximum  rate  of  feed  for  the  machine  at  any  Air  Force  plant  should  not  exceed  12 
pounds  per  hour  and  the  hopper  should  hold  at  least  100  pounds  but  not  more  than  200 
pounds  of  chemical.     The  hopper  should  be  equipped  with  an  apitator  to  prevent  archlnrr 
and  assure  a  continuous  chemical  feed  at  all  times.    The  feodor  must  food  the  chemical 
uniformly,     nate  adjustment  apparatus  permits  precise  adjustment  of  the  ^oodin^^  rate. 
Feeding  mechanism  must  be  completely  Inclosed  to  prevent  any  escape  of  dust.     It  is 
advisable  to  provide  as  an  integral  part  of  the  feeder  a  weighing  device  or  a  platform 
scale  and  a  loss  in  weight  indicator-recorder  which  will  continuously  indicate  and 
record  the  weight  of  chemicals  in  the  hopper.     The  solution  chamber  must  be;  completely 
resistant  to  corrosion,  and  provide  a  removable  cover  and  a  dust  tight  floxlblo  connec- 
tion to  th(?  fooding  mechanism.     The  volume  of  the  solution  chambc?r  (dlssolvor)  should  be 
at  least  one  gallon  per  pound  of  sodium  fluoride  fed  per  hour  at  maximum  rate  of  food. 
For  sodium  rI  llcof  luorido,  the  volume  should  be  at  lc?ast  five  gallons  per  pound  fed  per 
hour.     Regardless  of  the  chnmical  feed  rate,  tlie  volume  of  tho  fllssolver  should  exceed 
10  ga 1  Ions. 
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GKAVIMKTIUC  r,OSS  IN-WRK^IIT  TH't^  ORY  FEEDRR.     This  foodcr  differ.?  from  the  vobimotric 
In  that,  Instead  of  displacing  si  i>rr«ot  volume  of  chonlcal,  a  donnitc?  wni^ht  of  the 
chemical  is  displaced.     A  hipHc'r  dopree  of  accuracy  is  obtiiinod.     The  scales,  hopper, 
all  the  mechanism,  and  the  dlssolver  or  solution  chamber  should  be  inclosed,  A 
totalizer  should  show  the  total  amount  of  chemical  fed,   in  pounds,  on  a  direct  readinjr 
counter  without  the  use  of  multipliers.     The  accuracy  of  the  totalizer  shoiilc!  he  b(»tter 
than  99  perccint.     The  hopper  capacity  and  scale  beam  rapacity  should  not  <»xceed  250 
pounds. 

PROPORTIONING  J'UMPS.     At  Installation  where  water  is  purchased  and  fluoridation  is 
desired,  arrangements  can  he  made  with  the  contractor  to  fluoridate  water  supplies. 
Where  the  source  of  water  Is  from  wells  pumping  to  a  central  point  a  proportioning  pump 
may  be  Installed  to  inject  fluoride.     Where  wells  are  not  pumping  to  a  central  point  a 
proportioning  pump  must  be  provided  for  each  well.     The  most  commonly  used  solution 
feeders  are  positive  displacement  alaphragm  pumps  with  feeding  heads  constructed  of 
polyvinyl  or  methyl  methacrylate  plastic  and  neoprene,  which  are  resistant  to  fluoride 
chemicals. 

For  these  installations  the  most  accurate  and  economical  method  of  fluoridation  is 
by  the  application  of  sodium  fluoride  solutions  of  less  than  four  percent.     For  the 
preparation  of  solutions  less  than  saturated  (four  percent),  a  weighted  amount  of  the 
chemical  is  added  to  a  definite  W(»ight  or  volume  of  water  and  the  mixture  is  mechanic- 
ally or  manually  stirred  until  a  homogeneous  solution  exists.     Oft<?n  two  reagent  tanks 
are  used,  one  tank  hei  n^^  prepared  while  the  other  is  in  use.     Each  tank  should  have 
sufficient  volumetric  capacity  to  hold  a  30  hours'  supply  of  reagent.     For  testing  and 
measuring  purp(»ies  the  reagent  tank  should  have  a  scale  attached  to  the  inside  that  can 
be  read  by  the  operator.     A  sight  glass  may  be  installed.     Water  used  for  making  sodium 
fluoride  solutions  is  zeolite  softened  or  treated  with  sequestering  agent  such  as 
calgon,  nalco  918,  or  equivalent  where  the  total  hardness  exceeds  100  ppn  expressed  as 
calcium  carbonnte. 


In  feeding  fluorides  it  is  not  necessary  to  allow  for  a  contact  period  as  with 
chlori  nation.     Water  has  no  **fluoride  demand,"  hence  the  entire  quantity  can  he 
accounted  for  In  the  distribution  system  unless  it  is  lost  through  treatment  processes. 
Ordinary  filtration  occasions  a  loss  of  0.1  to  0.3  ppm  of  the  fluoride  added.     The  most 
desirable  point  of  application  is  in  the  filter  effluent  or  at  the  entrance  to  the  clear 
well.     At  installations  using  well  water,  t*ie  solution  Is  normally  injected  into  the 
discharge  from  the  well  pumps  unless  water  Is  discharged  to  a  central   point  of  storage. 
Fluoride  chemicals  are  added  after  all  other  chemicals  have  -laa  an  opportunity  to  react, 
but  prior  to  final  chlori nati on . 


In  fluoridation  practice  the  target  residual  in  the  distribution  system  is 
prescribed  for  each  installation  by  the  Surgeon  General.     In  general  the  spread  is 
from  0.7  to  1.2  ppm  fluoride  In  the  finished  water  supply,  the  average*  being  about 
1.0  ppm.     To  d(^t(^rmlne  the  dosage  that  will  give  a  residual  cT  l.O  ppn ,   the  natural 
fluoride  content  of  the  raw  water  must  he  considered.     Chemical  dosage  must  be  set 
and  supervised  hy  properly  authorized  personnel.     Over-all  dosage  checks  are  made  at 
least  daily.     Continuous  observation  of  the  equipment  Is  a  daily  routine  operation. 
Hourly  checks  reflect  any  dosage  variations  and  provide  a  basis  for  ret'iulHtlon  of 
overfeed  or  underfe(»d. 


Representative  composite  samples  from  the  treatment  plant  effluent  are  colic.  t.>d 
and  analyzed  daily  in  addition  to  the  dosage  checks  for  plant  controls.  .Sampling 
from  representative  points  in  the  distribution  system  are  performed  at  l(}ast  weekly 
and  preferably  twice  a  week  as  a  further  means  of  evaluating  the  ef f ec t i vrness  of 
plant  control. 


Chemical  analysis  will  h(»  In  accordance  with  m(»thods  in  *\Stand:ird  M(?thods  for  the 
Examination  of  Water,  Sewage;  and  Industrial  Wastes."     For  plant  C()nlr()l  ,  analysis 
may  be  hy  colorimetlc  methods.     If  plant  laboratory  control   Is  not  avallnhle  at  «n 
i  nsta  1  lat i c)n ,  samples  may  be  sliippcMl  to  a  designated  laboratory  lor  analysis. 


Application 


Dosage 


Sampl 1 ng 


ToHll ng 
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Methods  for  the  removal  of  exce!5slve  fluorides  from  water  wore  made  available  soon 
after  It  was  discovered  that  excessive  fluorides  contributed  to  fluorosis.  Youths 

i'.r''°rf?  i°  containing  about  5  ppm  or  more  fluoride  are  invariably 

f  with  mottled  enamel  of  the  permanent  tooth;  many  of  these  youths  eventually 
lose  their  teeth  throuph  attrition.  ' 

At  present,   there  are  three  methods  of  def luoridati on  which  have  proved  practicable 
for  the  removal  of  excess  fluorides.     These  methods  involve  the  us.?  of  activated 
alumina,  bono  char,  or  magnesium  compounds.     The  activated  alumina  and  bone  char  omnlov 
an  insoluble  granular  media  which  remove  the  fluorides  as  water  filters  throut'h  them 
They  are  periodically  regenerated  as  they  become  saturated  with  the  fluorMes      This"  is 
accomplished  by  chemical  treatment.     The  use  of  mapnesl um  compounds  to  remove  fluorides 
are  employed  so  that  they  afe  removed  with  magnesium  which  might  be  added  i n  the  form  " 
of  ilrae.     They  Jire  subsequently  removed  through  the  use  of  settling  hasi ns  and  then 
dlscardea* 


Salety  Precautions 


Water  plant  operators  who  handle  fluoride  compounds  must  he  trained  to  protect 
themselves  from  hazardous  accidental  exposures.     Fluorldo  dust  may  cause  irritation 
of  the  skin  and  mucous  membrane. 

All  water  plant  operators  should  be  fully  orientated  on  tho  following?  sjifoty  nilos: 

1.  BreathInK  of  fluoride  dust  should  be  avoided.     In  case;  ol*  spl  llafx**    cloan  iin 
immediately.  '  ' 

2.  Wear  rubberized  Kloves,   plastic  or  rubber  aprons  and  mask.s  whon  oxposod  to  tho 
dust. 

3.  Dust  must  be  removed  immediately  from  tho  skin  by  hiithi  ni:  or  washing:. 

4.  nubbor  Kloves,   rubber  boots,  and  acid  pre  if  aprons  an?  ro^ul  r(»d  for  handUnc-  of 
Hydrofluosillclc  acid.     After  using  equipment  it  should  be  washed  thorourMly. 

5.  Porsojinel  with  open  cuts  or  sores  should  NOT  be  allowed  lu  handle  fluoride  rlusl 
or  Hf»  I  ds. 


6.  Detailed  instructions  on  handling  and  safety  precautions  to  be  taken  will  he 
posted  at  the  point  of  operation  and  adequately  enforced. 

7.  All   fluoride  containers  must  be  labeled  with  a  sifrn  warning  that  a  poison  Is 
contained  therein. 

8.  Containers  are  disposed  of  by  Incineration  or  burying  in  the  sanitary  fill. 

9.  When  handling  hydrof luosl 11 cic  acid,  care  should  he  exorcised  not  to  spill  it 
on  the  body  or  clothing;  should  this  happen,  wash  and  flush  immediately. 

10.     First  Aid: 


a.  Should  internal  poisoning  occur  the  patient  should  immediately  drink  either 
a  one  percent  solution  of  calcium  chloride,  a  glass  of  lime  water  (saturated 
solution  of  calcium  hydroxide),  or  a  large  amount  of  milk. 

b.  For  (?xternal  injuries  wash  the  area  with  a  large  amount  of  water. 

c.  rjliould  chemicals  affect  or  enter  eyes,   flush  Immediately  with  warn  wat'^r. 

d.  In  all  events  of  injury  and  poisoning  immediat(>ly  seek  medical  aid. 
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Stabilization  of  watc^r  is  necessary  to  prevent  either  scale  huilrtiifi  or  corrosion  in 
the  distribution  system,     Stahi  ligation  can  be  accomplished  throupli  addition  of 
polyphosphates  or  recarbonat i on. 

Disinfection  is  the  sin^:lo  most  Important  treatment  given  to  water,     Th(>  most  common 
disinfectant  used  by  the  Air  Force  is  chlorine,  either  in  ^as  form  or  M  nin  d ,  Chlorine 
ixas  may  be  introduced  hy  either  direct  feed  or  solution  feed  chlori  nat.ors.  Chlorine 
solutons  may  be  introdticed  through  hypochlori  nators*     Because  chlorine  Is  Imzardous  to 
work  with,  you  must  follow  prescribed  safety  procedures, 

Fluroides  in  the  range  of   ,7-1,2  ppm  in  water  has  been  found  to  he  extremely 
beneficial  in  preventing  tooth  decay.     However,  too  much  fluoride  causes  permanent 
discoloration  of  tooth  enamel  called  "mottled  teeth,"    Therefore,  close  monitoring  of 
fluoridation  or  def 1 uorl dati on  as  needed  is  essential. 


INSTRUCTIONS 

Complete  the  following  (juestlons.  You  can  consult  your  instruct<ir  if  you  have  any 
(]U(3st  i  ons, 

1,       What  is  the  purpose  of  stabi  1  i  j^ati on? 


2.       What  are  two  common  methods  of  stabilizing  lime  softened  water? 


3,       Where  in  tlio  water  treatment  process  Is  stabilization  treatment  added  to  the  water? 


4,       Lis*  hy  symbols  and  chemical  name,   five  different  types  of  chlorin(?  which  are 
available  for  disinfectant  use. 


5,       Define  th(?  following: 
a.     Chlorine  Residual 


h.       Free  available?  chlorine 


EXERCISE  III-2-2d 
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c. 


d. 


e.     Chlorine  demand 


f.     DisinfoctlnR  time 


6.      The  effectiveness  of  chlorine  rls..  in  tompora- 

ture,  but  Is  retarded  with  a 


7.      What  arn  four  types  of  disinfection? 


8.      Name  two  types:  of  equipment  used  in  chlorination. 


9.      List  the  chemicals  names  and  formulas  of  three  (3)  compounds  which  are  used  for 
fluoridation  in  our  water  treatment. 


10.     How  are  excess  fluorides  removed  from  water? 
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MONITOK/OPKUATK  AND  MAINTAIN  WATblK  TKblATMKNT  PLANT  KQKIPMKNT 


()BJKCTlVh;S 


Given  statements  about  chemical  mixing  tanks,   identify  as  true  or  false  the 
statements  concerning  th«  monitoring  and  operation  of  chemical  mixing  tanks. 

During  a  field   trip  to  the  local  municipal  water  treatment  plants,  monitor  the 
operation  of  plant  components  by  making  a  written  response  lAW  a  checklist.     No  more 
than  three  instructor  assists  are  allowed. 

Using  information  and   the  water  plant  trainer,  work  as  a   team  to  monitor/operate  tlie 
trainer  with  no  more  than   thre*^  instructor  assists. 

Using  informaLion  and   the  water  plant   trainer  and  equipment,  work  as  a    team  to 
perform  the  required  maintenance  on  the  trainer  and  eijuipment.     Four  of   the  six 
maintenance  problems  must  be  performed  correctly.     No  more  than   two  maintenance  problems 
may  be  missed. 

Using  AFK  complete  statements  concerning  the  purpose  and   types  of  aerators. 

Five  of   the  seven  must  be  correct. 

Using  AFrt  91-26  match   the  maintenance  procedures  used  for  each   type  of  aerator. 
Three  of  the  five  must  be  correct. 

INTKODUCTION 

Municipal  water   treatment  plants  vary  in  size  and  method  of   treatment  according  to 
the  needs  of   the  municipality.     The  Wichita  Falls  plants  are  examples  of  lime  softening, 
horizontal  clarification  systems.     An  accelator  is  also  seen  at   the  old  plant  as  an 
example  of  tho  cold  lime-soda  softener  system. 

As  an  Environmental  Support  Specialist  you  need  a   thorough  understanding  of  the 
principles  of  operation  of   the  plants  ti.nd   the  equipment  used. 


The  Wichita  Falls  water  pl^nnts   that  you  will  monitor  are  named  for  the  streets  that 
they  are  found  on,  such  hs   the  Cypress  Street  plant,  which  is  a  16  MGD  plant  with  a  50% 
overload  and   the  Jasper  Street  plant  which  is  a  12  MGU  plant  with  a  25%  overload.  An 
upflow  clarifier  rated  at  10  to  11  MGD  will  be  seen  at   the  Jasper  Street  i^lant. 

The  Cypress  and  .Jasper  ^>tr(jot  plants  are  lime  softening,   horiz<intal  clarlflers.  Tfio 
water  source?  Is  from  two  lak(\s.  Arrowhead  and  Kickapoo.     Th(»  water  I  ri)m   Lliese   lakes  is 
pumped   to  a  scjcondary   resorvijir  at   the  edge  of   town.     This  reservoir   is   Hi  ituil  deep, 
covers  10  acres  and  holds  50  MG  of  water,   it  allows  for  plain  sed  im^.n  ta  L  i  on  and  a 
storage  of  raw  water.     Both  of   these  plants  have  recovery  wells,  an  open   tank  50  feet  in 
diameter  and  45  feet  deep,  and  lagoons  are  used  to  handle   tiie  backwash  water  from  the 
fil ters. 

You  will  be  exposed  to  open  tanks,  chemicals,  wet  floors  and  other  conditions  common 
to  a  water  treatment  plant.  For  your  protec:tion  observe  the  safety  precautions  you  have 
learned  from  AFR  127-12. 

PLAIN  SEDIMENTATION 

Plain  sedimentation  is   the  process  of  removing  or  reducing   the  amount  of  mud,  clay, 
or  silt  entering  the  water  plant  without   the  use  of  chemicals.     The  solids  will  settle 
to  the  bottom  if   the  flow  of  water  is  slow  enough.     This  is  done  in   th(»  secondary 
reservoi  r. 

Aeration  also  takes  place  In  the  secondary  reservoir.     The  raw  water  is  pumped  into 
the  air  upon  entering  the  reservoir.     This  allows  dissolved  gases  to  (jscape  and  oxidizes 
iron  comi'ounds. 


INFORMATION 


MONITOR  PLANT  COMPONtlNTS  DURING  FIELD  TRIP 
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Chemical  Mixing  and  Storage 

as  storaBe  and  mlxlnr  comhlnSdl  dissolve  In  them.     Mixing  tanks  aro  somotlnos  usrd 

Horli^ontal  Sedimentation  ClarJ  r  I  cation/Softener 

..ive  Should  bo  insfllod  ,«'the  ilo^  c.nVe  J™t?M?ol!.      "    °'  " 
Fi Iters 

Water  from  the  sedimentation  basins  in  hroueht  intn  fh<*  f4  «     *.u  .  . 

in  the  purification  process.     This  water  coJtZ" very  f  Sol^ Jlvlded%.S^^^^^^  ll'lL 

?Se  pJ^Jose  Of  the  f'nte?"  «  ^^a^  ^"^ve  not  b.on  removed  hy  .sedimentation 

spar??[?ran;  ITtrVcuVe  Ippearancr  '^"'^  -^'^  ^'^  -^nr  a  clear. 

Chomical  Fcc?dors 

nf  f^orif'''^''^  •''"I:''"*"^  requires  application  of  chemicals  In  proportion  to  the  rate 

is  varUblo,  proportioning  dovloe,  .re  used  to  food  ohoml..,l.  ,n  s„.,p„n,l„n  „r  Ll'ulTon. 
oropf^Jlif  Jl»«ol.o.  easily  In  water  to  form  a  olo.r  stable  solution.  Artor 

fbT;:::i°t",;rL"^b'a°';ji;"rt"r:n'rr,rdi;i":f^ - 


"-position  o.  r..  «t,r  Is  constant  or  d™.'  not  ch.n.,. 


The  chemical  feeders  used  may  be  either  of  the  wet  or  dry  type,  the  latter  type 
genv^rally  being  employed  only  with  the  larger  sizes  of  units.     In  the  wet  type  feeder, 
the  hydrated  or  slaked  lime  is  fed  largely  in  the  form  of  a  suspension,  usually  of 
about  a  5  percent  concentration.    Where  soda  ash  is  also  used  with  the  wet  type  feeder, 
it  is  usually  dissolved  in  and  fed  with  the  lime  suspension  instead  of  being  fed  sepa- 
rately. The  coagulant  is  dissolved  in  and  fed  from  a  separate  chemical  feeder.  When 
dry  feeders  are  used,  separate  feeders  are  used  for  the  lime,  the  soda  ash,  and  the 
coagulant. 

Measuring  Devices 

The  main  device  used  to  measure  the  flow  through  the  water  treatment  plant  is  the 
Parshall  Flume,  which  also  acts  as  a  mixer. 

Control  Devices 


The  control  devices  used  at  the  water  treatment  plant  are  numerous  and  located 
throughout  the  plant. 


The  valves  used  at  these  plants  are  gate  or  globe  and  are  operated  hydraulically 
or  pneumatically. 

Upflow  Clarifier 

This  cold  lime-soda  water  softener  is  in  use  at  some  missile  sites  and  at  some  Air 
Force  bases.    Since  it  has  the  capacity  of  softening  large  quantities  of  hard  water 
containing  caTcium  and  magnesium  salts,  this  secticn  will  cover  the  common  types  of 
cold  lime-soda  softeners,  operation  of  the  accelator,  and  the  theory  of  operation. 

There  are  four  basic  types  of  cold  lime-soda  softeners,  namely:     (l)  the  sludge 
blanket  type,  (2)  continuous  sedimentation  type,  (3)  the  "catalyst  type,"  and  (4)  the 
intermittent  or  batch-process  type.    The  first  three  are  continuous  types;  that  is, 
the  water  is  treated  as  it  is  flowing  through  the  equipment.    The  fourth  type  is,  as 
its  name  indicates,  one  in  which  the  flow  of  water  is  not  continuous  but  intermittent, 
hs  the  water  is  treated  in  separate  batches.    Of  these,  the  sludge-blanket  type,  owing 
to  its  "higher  efficiency,  short  detention  period,  and  smaller  space  requirements,  is 
rapidly  replacing  the  conventional  type  for  industrial  use.     It  is  also  widely  used 
in  the  municipal  field,  but  some  state  boards  of  health  prefer  longer  detention  periods 
than  the  customary  one-hour  detention  period  in  the  sludge-blanket  type.    This,  con- 
tinuous sedimentation  type  is  an  older  type.    The  catalyst  produces  a  granular  type 
of  sludge  which  can  be  handled  readily  and  which  drains  and  dries  rapidly. 

This  type  differs  from  the  sedimentation  type  in  that  the  treated  water  is  filtered 
upward  through  a  suspended  sludge  blanket  composed  of  previously  formed  precipitates. 
There  are  several  distinct  advantages  gained  by  this  procedure.    First,  the  upward  filt- 
ration through  the  suspended  sludge  blanket  results  in  the  complete  solution  and  use  of 
the  added  lime.    Second,  the  close  contact  of  the  treated  water  with  a  large  mass  of  the 
sludge  blanket  prevents  saturation.    Third,  the  upward  filtration  in  the  sludge  blanket 
results  in  the  production  of  water  which  is  clear  enough  without  filtration  for  many 
industrial  applications.    Fourth,  the  detention  period  is  much  less  for  this  type. 

In  size,  the  vertical  softeners  may  range  from  capacities  of  a  few  thousand  to 
10,000,000  gal?.ons  per  day.    Note  that  the  outer  chamber  has  a  smaller  conical  section 
with  its  base  more  narrow  than  the  top  side.    The  raw  water  and  the  treating  chemicals 
are  introduced  into  the  top  of  the  inner  chamber  where  they  are  thoroughly  mixed  by 
means  of  a  centrally  located  mechanical  agitator  which  is  motor  driven. 
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FIELD  TRIP  TO  MUNICIPAL  WATFtt  PUNT 

INFORMATION 

This  criterion  objective  Is  a  performance  requirement.     During  the  flelfi  trip  to 

Pay  particular  attention  to  the  Instructor's  lecture  as  you  tour  thr  nlant  to 
complete  your  qi:e.st lonnal  re.  ^  pi^nz  to 

INFORMATION 

WATER  TREAT?^ENT  PLANT  TRAINER 
P^'''"^  trainer  with  the  cascade  aerator,  chemical  mlxlnr  tank 

EXERCISE  III-3-3a 
WATER  PLANT  TRAINER  (SOP) 

INSTRUCTIONS 

Follow  the  procedures  listed  below  for  operating  the  water  treatment  plant. 
PREOPERATION 

1-     Close  all  drain  valves. 

2.  Turn  off  all  electrical  switches. 

3.  Check  oil  In  chemical  feeder. 

4.  Mix  chemical  solution  In  chemical  supply  tanks. 

5.  Adjust  chemical  feeders  to  deSired  feed  rate. 

6.  Connect  the  master  switch  panel  and  the  settlinR  chamber  motor  to  a  UO-volt  outlet. 
^'  out"Je?s  as'm^S?''  flocculator  to  the  master  switch  panel 
OPERATION  SKQIIRNCE 

1.  Open  tl'CR lobe  valve  on  the  Inlet  water  supply  anrt  control  the  wator  flow  rate  at 
one  and  half  (1-1/2)  Rallons  per  minute.  " 

2.  When  th,!  chemical  mixer  Is  half  (1/2)  full,  turn  on  the  FollowinB  switches: 

a.  Master 

b.  Chemical  feeders  (rlRht  and  left) 

c.  Rapid  nlxer 

3.  When  thn  riocculator  Is  half  (1/2)  full,  turn  on  Uw  motor  swlf.rh. 
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4.  Wlion  the  *;rtt]1nr  iMiin!v»r  is  mil  i*cMitinnr  with  t  hi*  ft^lK^uin,:* 

a.  Opc»n  thr  £\\tvr  inlet  valve  two  (2)  turns. 

b.  Turn  on  the  s<>ttlinr  chamber  effluent  pump  switch. 

c.  Open  the  filter  effluent  valve  one  turn. 

d.  Turn  on  the  hypochlorinator. 

5.  Vfhrn  the  filter  is  full,   turn  on  the  clear  well  pump  switch  and  n^vn  the  f»l(Mr  wc^ll 
effluent  valves. 

BACK  WASHING  THK  KILTRR 

1.  Turn  off  the  settling  chamber  and  clear  well  pumps. 

2.  Close  the  filter  Influent  and  effluent  valves. 

3.  Open  the  filter  drain  valve. 

4.  Turn  off  the  hypochlorinator. 

5.  Open  the  water  lower  effluent  valve. 
SHUTDOWN  FXFRCISF 

1.  Turn  off  all  electrical  switches. 

2.  Disconnect  electrical  power. 

3.  Close  the  pjlobe  valve  on  the  lnl(?t  water  supply. 

4.  Open  all  drain  valves. 

5.  Close  all  Influent  and  effluent  valves. 


INSTRUCTIONS 

Complete  the  following:  questions.  You  nay  consult  the  instructor  if  you  have  any 
questions. 

1.       What  chemicals  were  used  In  the  trainer? 


2.      What  is  the  purpose  of  each  of  the  chemicals  used? 


3.       What  type  of  clarification  system  does  the  trainer  represent? 


4.      What  type  of  filter  is  used? 


5.       What  type  of  scraper  is  used  in  the  sedimentation  tank? 
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Ls  primary  or  secondary  sedimentation  or  both  „sert?    FFow  do  yo,i  know? 


7.      Where  is  chlorinati 


on  done? 


What  type  of  storage  tank 


ge  tank  is  used? 


9.       If  the  floe  in  the  flocc.lator  Is  settling,  what  would  he  the  most  Jlkely  cause? 


10.     If  the  floe  starts  to  build  up  or  accumulate  In  the  sedimentation  basJn.  what 
action  should  be  taken? 


11.     If  the,  backwash  rate  exceeds  15  Rpm.  what  problem  could  occur? 


12.     What  action  Is  taken  to  control  the  chlorine  food? 
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INFORMATION 


PltOCblDURl^S  KOK  MAINTAINING  WATiilli  TRKATMKNT  PLANT  W^UIPMHNT 


Chemical  Mixing  Tanks 

The  chemical  mixing  tank  must  be  drained  and  hosed  out  at  the  end  of  the  operation 
of  the  unit.     Flusli  out  sediment,  mud.   scale,  etc.     Examine  walls  and  makt*  any  necessary 
repairs. 


During  operation,  check  paddle  rotaton  by  visual  Inspection  or  surface  disturbances. 
At  the  end  of  operation,  drain  basin  and  thoroughly  rinse  out  sediment.     Inspect  paddles 
and  other  mechanical  parts  for  deterioration.     Make  repairs  where  necessary^     Refer  to 
APR  91-26,  Par  G-IMe. 

Horizontal  Sedimentation  Clarif ier/Sof tener 

Tills  unit  has  a  drive  chain  which  must  be  checked  for  Llie  followini^:     proper  adjust- 
ment, loose  planks,  excessive  wear,  and  corrosion.     Inspect  the  general  condition  of  the 
baffle,  for  leaks  at  the  corners  and  at  the  overflow  trough.     Perform  maintenance  as 
required.     Refer  to  AFIl  91-2G,  Par  G-34f,   for  furtlier  information. 


The  filter  must  be  backwashed  every  50  hours  if  there  is  no  surface  wash.  During 
backwash  you  sliould  probe  the  filter  to  check  for  hard  spots.     The  underdrain  should  be 
inspected  for  cracks  or  loose  Joints.     The  filter  must  also  be  checked  for  mud  balls, 
and  encrustation  of  the  top  layer  of  sand.    You  may  have  to  replace  trie  first  inch  or 
two  of  sand.     Inspect  all  valves  for  proper  operation,  repack  or  replace  as  needed. 
Refer  to  APR  91-2G,  Par  G-44b  and  6-45a 


Protect  t>penings  into  clear  well  so  that  ground  water  cannot  enter.     Check  all  me^ai 
structural  members  and  surfaces  for  corrosion  due  to  chlorine  vapors  and  replace  wUoro 
necessary.     Before  draining  make  sure  all  recording  equipment  Is  protected  Irom  dainagi; 
while  cleaning. 

Water  Towers 

Inspect  vent  screens  and  manhole  covers  for  tight  fit.     Unclog  vent  screens  from 
snow  and  ice  as  necessary  in  winter  months.     Inspect  for  corrosion  and  leaks  and 
repair  as  ntjcessary. 


Flocculator 


Filters 


Wet  Wells 
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INSTRUCTIONS 

Using  AFR  91^26,  answer  the  following  questions. 
I.      What  arc  two  ways  that  you  can  check  if  the  flocculator  paddles  aru  rotatint;? 


2.      What  can  cause  the  flocculator  paddles  to  be  inoperative? 


3.      Why  Should  underwater  line  shaft  bearings  be  Inspected  carefully  each  time  a  basin 
is  drained? 


4.      Huw  is  tho  .  flocculator  controlled? 
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AERATORS 


INFORMATION 
Purpose  of  aerators 

Aeration  consists  essentially  of  exposing  as  much  water  surface  as  possible  to  the 
air.    During  aeration,  gases  dissolved  In  the  water  supply  are  released  to  the  atmo- 
sphere; soluble  Iron  salts  are  oxidized  and  become  Insoluble  so  they  can  be  removed  by 
settling.    Aeration  raises  the  pH  by  eliminating  dissolved  carbon  dioxide  but  Increases 
corrosiveness  by  Increaslnf  the  amount  of  dissolved  oxygen. 

Types  of  aerators 

The  four  different  types  of  aerators  are  the  spray  nozzle,  cascade  or  step  aerators, 
diff users    and  tray  and  splash  pan. 

Spray  Nozzle  Aerator.    A  pipe  or  group  of  pipe  openings  spraying  water  up  or  down 
over  a  shallow  receiving  basin  exposing  a  large  surface  area  of  water  to  the  air. 

Cascade  or  Step  Aerators.    Allowing  water  to  fall  over  a  series  of  steps  making  it 
look  like  a  waterfall. 

Dlffuser  Aerator.    Forcing  air  into  a  basin,  like  the  air  line  in  a  fish  tank. 

Tray  and  Splash  Pan.    This  consists  of  overflowing  trays  containing  salts  or  coke 
osrer  which  the  water  is  sprayed  (see  figure  3-1). 

The  operation  of  most  aerators  is  practically  automatic.     If  the  water  is  not  to  be 
filtered  after  aeration,  aerators  must  be  screened  with  a  fine  screen  to  keep  Insects 
and  other  foreign  matter  out. 

The  operators'  duties  consist  essentially  of  making  sure  pipes,  slots  and  surfaces 
are  not  clogged  and  that  air  has  free  excess  to  the  water. 
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INLET  CHAMBER 
DISTRIBUTORS 


STAQQERED 
SLAT  TRAYS 


J      I  ^  J^...^"  OUTLET 

1 


BAFFLE 
AIR  STACKS 


SLOWER 


DAMPER  , 


»*  lib  i«ia       ^  ^1  A  ,  i     I  I 


WATERPROOF 
PLYWOOD 


•••••  ••• -••■'•^"^^^^^^^^^77^7W 


AIR  SEAL. 


-WATER  OUTtCT 


Figure  3-1  -  Forced  Draft  Aerator 
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EXFRCISE  lir-3-nd 


iriSTRUCTlOW^S 

quesuS?'^  '"""^  following:  quostions.  You  may  consult  the  Instnictor  if  you  have  an^ 
1.      What  is  thr  purpose  of  aeration? 


2.      flow  dors  .lorrition  romovo  color  caused  by  iron? 


3.      How  dooK  aeration  change  pH? 


4.      What  chemirals  are  used  to  clean  aerators? 


5.       What  component  should  be  checked  with  a  diffused  aera.or  if  proper  aeration  is  not 
taking  place? 


C.      How  <\ovfi  aeration  remove  taste  and  odor? 


7.      Name  the  four  (4)  types  of  aerators. 
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INPOIIMATION 

TYPKM  /\Nt>  WAINT^NANCF  OF  AKRATORS 

On  thr  spray  n<);:xlo  typi*  aomror,   yon  should  ch('ck  thi»  roUnwin::  t!Mri»':^: 

INSPKCT  ANM  CI.KAN  SI>I?AY  NOZI^LKS.     Yon  shonld  look  at  each  nozzle*  to  s.v.  if  it  is 
working  properly.     You  mist  cloan  the  nozzle  If  any  debris  is  thero- 

CLKAN  AND  INSPKCT  PI  PR  MANIFOI.PS.     Take  the  caps  off  of  the  nanl  folds  and  clean  out 
any  scMilmont.     You  should  chuck  the  pipe  for  leaks  and  repair  whon  it  is  needed. 

Cascacio  or  Stop 

On  this  typo  of  aerator,  you  should  check  the  following  things: 

inSPFCT  F()R  ALGAK-     Chock  the  aerator  surface  for  alRae,  objectlonnhlr  p:rowths,  and 
stains.     If  you  must  clean  any  f)art,   scrub  it  and  treat  with  copper  sulfate  and  a 
solution  of  chlorine  water. 

RKPAHN     You  make  any  noc(?ssary  repairs  and  replacements  to  the  aerator  surfaces. 
Di  f  f  user 

On  this  type  of  aerator,  you  should  check  the  following  Items: 

CLOGGING  OF  DIFFUSEIl.     look  to  see  if  the  diffuser  Is  clogged.     It  will  be  clopged 
on  either  the  ;i  i  r  or  liquid  side.     Onf»  cause  is  a  suspended  solids  buildup  inside  the 
dlffus(?r.     The  other  cause  is  soot,   pipe  rust  and  other  impurities  of  the*  underside  of 
diffuser  plates  or  Inside  diffuser  tubes. 

INSPKCT  AND  CLFIAN  AIR  HIFFUSKRS.     The  air  diff users  should  be  drainod  and  inspected 
for  joint   leaks,  brok(»n  dlffusers,  and  other  deterioration. 

Tray  and  Splash  Pan 

On  this  typo  of  aerator,  you  should  check  the  following  items; 

INSPKCT  FOR  AliOAr:.     See  instructions  under  Cascade  or  Step  Ac^ratorK. 

RMPAJR.     Make  :iny  nc?ci?ss:iry  rcipHlrs  an^l   r«-*plac€?ments  to  the  aerator  :;iirfac<»s. 

INSPKCT  roKi:.     Kxiimlno  ooko  for  algao  and  deterioration.     Rc^placc  <'ol.«»  if  <  I<Nmin<: 
Ik  n<it   <>rfo(!t  I  vc». 

KKPAIR  SCRKIINS  AND  MNCI^OSUUKS .     Make  necessary  repairs. 


SUMMARY 

In  th(^  field  trip  the  wator  plants  and  In  operating  tho  water  tr«Mir(  i  i  trainer, 
you  see  tho  functions  of  chomical  mixing  tanks,   f  locculators,  sod  1  nc^n  r.i  t  i  on  basins, 
clear  wells,   ri3t(»rs  and  otli(?r  components. 

Aeration  sorves  to  removes  color  and  dissolved  gases  fr<)m  the  wator  sjipply.  It  also 
I  lor'.iasrs  pM  of  the  wator  and  Its  cor^roslve  qualities. 
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INSTRUCTIONS 

for  Smation?  -questions.     You  may  consult  the  ALU  :n-2, ,  Part  ...  .Section  Hi 

1.       What  tool  may  NOT  be  used  on  spray  noz/.le  tips? 


2.      What  material  i«  a  spray  fence  usually  made  of? 


3.      What  ciiemlcaly  may  \>e  used  to  treat  algae? 


4.      What  Is  the  \^st  sign  of  a  clogged  diffuser? 


T).      What  is  the  minimum  rate  of  air  discharge  through  a  riiffuser? 
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MONITOK/OPEUATK  AND  MAINTAIN  ION  EXCHANGK 
(demineraliza  tion)  UNIT 


OirfclCTIVKS 


Given  terms  and  statements  pertaining   to  an  ion  exchange  unit,  match  the  terms  to 
the  statements.     Twelve  of  the  seventeen  must  be  correct. 

Given  information,  ion  exchange  softener  and  demineral i zer  units,  work  as  a  team  to 
monitor/operate  the  ion  exchange  unit,  with  no  more  than  four  instructor  assists. 

Given  information  and  an  ion  exchange  trainer,  work  as  a  team  to  maintain  the  unit, 
with  no  more  than  one  instructor  assist. 


INTRODUCTION 

The  water  that  wi'  find  in  streams,  lakes  and  wells  is  usually  very  Jiard.  Hard  water 
will  cause  scale  to  form  in  water  lines  and  a  hard  crust  to  form  in  boilers.  Hard  water 
will  also  kill    the  effect  r)f  Koap  suds  in  laundries  and  homes. 

About  100  years  ago,  ?i  farrrter  in  England  discovered   that  hard  water  btntame  soft  when 
it   trickled  through  t5'-/rni>  ivf  his  soil.     Later  It  was   found   that  certain   types  of  sand 
called  grt>i>«i-55a'id  the  ability   to  make  h.*-   d  water  soft.     Much  use  was  made  of  green 

sand  until  about  ^'^30  when  a  synthetic  material  was  invented.     This  new  material  was 
severjul  times  better  than  green  sand.     It  could  also  be  recharged  by  washing  it  with 
salty  wate-"      This  new  material  was  called  resin  because  it  was  brown  in  color  and 
reserablv^r^  naturjil   tree  lesin. 

Information  Ir   this  study  guide/workbook  will  be  covered  in   the  following  main 
topics: 

o    theory  of  Ion  Exchange 

o    Cation  Exchange  Process 

o    Anion  Exchange  Materials  and  Processes 

o    Exciiangers  Used  in  Ct^mbi na  t ion 

o    Operation  of  Dem  1  nera  i  i  ze  rs 


An  Ion  exchang*^  unit  is  used  to  take  the  unwanted   ions  out  of   the  water  and  replace 

them  with  ions   that   v  re  wanted.  We  use  this  process  in  both  water  so  f  tiling  tnd 

demineraliza  t  ion.     Soft  water  is  desirable  because  less  soap  is  necessary   tor  cl<ianing, 

Demineral  i  zed  water  (water  which  Is  free  of  minerals)   is  used  for  Jet  air.traft  and  in 
our  lab. 

Theory  of  Ion  Exchange 

Ion  exchange  is  a  reversible  chemical   reaction  between   ions  in  watc^r  .in«i  ions 
attached  to  solid  materials. 

An  ion  is     n  atom  or  group  of  atoms   that  have  gained  or  lost  electrons.     A  cation  is 
an  ion  with  a  positive  charge  and  is  formed  by  losing  electrons.     An  anion  is  an  ion 
with  a  negative  charge  and   is  formed  by  gaining  electrons.     Figure  4-1   lists  common 
anions  and  cation  . 


ION  EXCHANGEKS 


INFOIiMATION 


Purpose 
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CATIONS 

v^&icxuin 

Ca++ 

ANIONS 

Bicarbonate 

HCO- 

MiiKi]  es  1  iiiii 

Mg'*"*' 

Carbonate 

3 

CO  - 

jQoH  1  iim 

Na* 

Chloride 

3 
CI- 

Manganese 

Nitrate 

NO3- 

Sulfate 

S04" 

Iron 

Pe+++ 

Silicate 

SIO3- 

Aluminum 

A1+++ 

Phosphate 

PO4- 

Hydrogen 

H+ 

Hydroxide 

OH- 

Figure  4-1.    Most  Common  Cations  and  Anions  Reno^^-d 
from  Water  by  Ion  Exchangers 


Characteristics  of  Ion  Exchange  Resins 


positive  Ions.    The  anion  mat^rflio  2^,K  materials  exchange  positive  lona  *o; 
softeners  used  natSr"  s^nJS  clueJ  "^eoufe  ^ir8^ 

•ords.  Zein  +  Llthos.  melnJng  SJlung  s?oies  In^ShiJ""  '^om  .^o  G 

refer  to  any  Ion  exchange  ma?erlal.  ^°  ^^^^  course,  the  term  ZEOLITS  win 

There  are  four  types  of  cation  exchange  materials  used  for  water  conditioning: 
1.      Natural  sands  (greensand,  etc.) 

Synthetic  sands  (silica-alum,    yn  compounds) 
Sul ('mated  coal 

Cation  exchange  resins  (sulfonated  Polystyrene) 

a.  Sodium  cycle  -  NaCl  (salt  regenerant) 

b.  Hydrogen  cycle  -  regenerated  with  acid  -  HCl  or  H2SO4 

capacitor t;^J^:JS^^sJ':i5^?riL;«?iSa%?"  •'-^  exchange 

tlveJ^cL^ged^^Son^ei^LnL'  St"es''*^:l'"  "  *°  ''-^  •"""'«<1«  ot  nega- 

Posltlvely  Charged  ..^T^r^'^;,  ^^^t^ nlT^^^^^^^^^^^^ 
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Cation  Resin 


Cation  resins  are  put  into  use  with  the  cation  exchange  sites  covered  with  either 
sodium  (sodium  zeolite)  or  hydrogen  (hydrogen  zeolite). 


Sodium  zeolite  resin 


Hydrogen  zeolite  resin 


The  process  of  Ion  exchange  is  reversible. 

When  all  the  exchange  sites  are  covered  with  calcium  or  magnesium  ions,  the  res'n 
is  said  to  be  exhausted  and  must  be  "regenerated"  by  flushing  them  with  a  solution  of 
NaCl  for  sodium  zeolite  or  acid  for  hydrogen  zeolite.    This  regeneraion  works  through 
the  process  of  "mass  action."    The  Na+  or  H+  attaches  itself  to  the  negatively 
charged  exchange  sites  where  the  calcium  and  magnesium  ions  had  been  trapped.  Tha 
water  is  then  washed  out  to  waste  and  the  resin  is  ready  to  work  again. 

«hi«h"o??/''f***"?®  similarly  but  have  positively  charged  exchange  sitos 

u  i    *fi  s^iions  and  repel  cations.    Their  exchange  sites  are  usually  covered 
with  hydroxide  Ions  which  can  be  exchanged  for  sulfates,  chlorides,  and  carbonates 
m  tne  water* 
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Exchange 
jProcess 

i  Material 
Used 

Appearance 

Normal 
Capacity 
Grains 
Per  Cub- 
ic Foot 

Regenerant 
Pounds 
Per  Cubic 
Foot 

Strength 
of 

Regenerant 

Regenerant 
Chemicals 

•  Test  For 
Exhaustion 

[Characteristic 
of  Product 

Sodium 

Cation 

Na  -  2 

 1 

Green  - 
sand 
(glau- 
conite) 

Grey -Green 
Granules 

2,400  to 
3,000  gr, 
cu  ft 

1.0  to  1.5 

Ibs/  cu  ft 

3^'  to  18^f 

Prpfpf*f*pH 

15^. 

Sodium 

^niorioe 

Salt 

NA  CL 

1.  Stan- 
dard 
Soap 

2.  E.D.  T. 
A  To- 
tal Hard< 
ness  1 

1 

Soft  Water 

No  Calcium 
Magnesium 
Iron 

SuUo- 

nated 

Coal 

BUck 
Granules 

No  Data 

No  Data 

SuUo- 
nated 
Poly- 
styrene 

Gold-Brown 

dpnericai 

Beads 

24,000  to 
32, 000 
gr  cu  ft 

6  to  15  lbs 
cu  ft 

N'a  Al 

Si02 

Gel 

White 
Granules 

12.000  to 
15.000 
gr  cu  ft 

4  lb  io  0  lb 
cu  ft 

\ 

iydro -  i 
fen  j 
ration  : 

H  -  Z  ' 

i 

Sulfo- 
nated 1 
Coal  1 

 ^ 

Black 
Granules 

6.000  to 
8,000  gr 
cu  ft 

2  lbs  to 
4  lbs  cu 
ft 

First  Step 
Last  Step 

HCl  6^  - 

la'" 

Sulphuric  1 
Acid  1 
Hydrochlor- j 
ic  (Muriatic) 
Acid  I 

1 

j 

i 

i 

1.  PH  j 

2.  r.M.  1 

Acid  1 

i 

Contains  i 
Acid  j 

Sulfo-  1 
nated  | 
Poly-  } 
stvrene  ' 

1 

Gold-BrouTi 

Spherical 

Beads 

12.000  to 
24.000 
gr  cu  ft 

1 

4  lbs  to  12 
lbs  cu  ft 

4-2.     Cation  Exchange  Materials  and  Pro 
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CIASS  OF  ION 

MATERIAL 

APPBARANCB 

NORMAL 

RSGENERAKT 

STRBNCTH 

USED 

CAPACITY  GRAirC 

POUND6 

OF 

REGENERANT 

TEST  FOR 

PERf  UBIC  FOOT 

PER  CUBIC  FOOT 

REGEKERANT 

CHEMICALS 

EXHAUSTION 

WEAKLY  BASIC 
ANION 

POLYAMINE 
POLYSTYRENE 

AMBER 

GRANULES 

12,000  to 

20, 000  gr/cu  ft 

2  to 

4  Ib/cu  ft 

NO  DATA 

CAUSTIC  SODA 

NaCW 

AMONIUM 

RYDROXIDE 

SBi  OH 

PtaC03 

1.  CONOUCTIVfTY  • 

STRONGLY  1 

BASIC  ANION 
R  *  OH- 

QUATERNARY 
AMINE 

PCLYSTYREJiE 

TBLLOWISB 
SPHEPiCAL 
BEADS 

12.000  to 

15, 000  gr/cu  ft 

4.2  to 

7  Ib/cu  ft 

2%  to  8% 

CAUSTIC 
5GDA 

Na(»  ONLY 

1.  coNDucTivmr 

8TRONGLY 
BASIC  ANION 

R^^  CI- 

5.000  to 
16,000  gr/caft 

tt.O  lb  NaCl 
Per  cu  ft 

41  NaCI 

SODIUM 
JH^IDE 

1C%  NaOB) 

1.  AucAUNmr 

Figure  4-3.     Anion  KxcHJiuge;  Mauerials  and  Processes 
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Typos  of  Ion  rxchanRes 


CATION  KXCIIANGKR.     As  mentioned  before,  ther*^  am  two  ration  n,Ph«n„ 

r.^mon  uso:     s,.rtl„m  x.oollto  and  hydropon  zeolljo?  '>xchan,ro  procossos  In 

the  c:Jir:A^°i'L^-„e^::  f^s  :jrtU:„T.rs  JJr-SiJt?!:;^  rj!^^ 

gives  lip  sodium  Ions:  this  reaction  rfi  lh!!_n  L,  -^^""^  xo<.nto 

SODIUM  ZFOLITE  PROCESS. 
Example  No.  1 


CaS04 

(solution)  + 

RAW  WATER  +  SOn;iJM 

KXCIIANC.E 
HBSIW 

Example  No.  'i 
(solution)  + 


Na2Z  - 
(solid) 


Na2S04  CaZ 
(solution)  +  (solid) 

SOFT  WATER  +  FXIfAnSTKD 
KXCRANOE 
RESIN 


Na23^  > 

(solid) 


RAW  WATER  +  SODIUM  ZEOLITE 

Example  No.  3 

WATER  FLOW  — 

(HCO3) 
H2O  +  Ca)(S04 
Mg)  CD 
KAW  WATER 


^^^2804 
(solution)  + 

SOFT  WATER  +  MAGNESIUM 
ZEOrjTE 


(solid  ) 


Na  Na 
Na 


Produces 


>  Ca  Mr 


WATER  FLOW 
+    H2O  +  Na(HC03 
(SO4 


(CI 


A  BEAD  OF 
ZEOLITE 

SODIUM  ZEOLITE  REGENERATION. 
Example  No.  1 
2NaCl  + 


EXHAUSTED 

2E0LITE 

BEAD 


SOFTENED 
WATER 


CaZ 
MrZ 

(solution)     (sol  id) 


BRINE 

Example  No.  2 
WATER  FLOW 


BRINE  SOLUTION 
SOLUTION 


CaCl2  + 
MrCU 
(solution) 


Na2Z 


KXHAUSTED 
ZEOLITE 


WASTE  WATER 


(sol  Id) 

son  HIM 
ZEOLITE 


Ca  Mg 


Produces 


EXHAUSTED 
ZEOLITE 


Na  Na 

Na  Z  + 
Na 

REGENERATED 

SODIUM 

ZEOLITE 


WATER  FLOW 
H2O  +  NaCl  + 
(Ca  and  Mr)  Ci 

WASTE  SALT 
WATER 
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Calrliim  and  imutnosiiim  chlorlrU?  are  soluble  salts  and  arc  rinsed  from  the  '/;c?f»lito  biMl 
with  clean  wut(?r.     Pol  lowing  rcrrenc^rati  on ,  the  exchange  material  is  ready  for  another 
run  to  soften  water. 


HydroKen  Zeolite  Process.     Certain  types  of  Ion  exchanpe  beds  can  bo  regenerated 
with  acid  instead  of  salt.     When  this  Is  done,  hydropen  is  made  available  rather  than 
sodium  durlnr  the  softening  process.     The  hydrogen  Is  exchan>:ed  for  calcium,  marn(\sium, 
iron,  and  sodium  Ions,  and  the  salts  are  converted  Into  their  corresponding  acids.  The 
reactions  Involved  in  the  hydrogen  exchange  cycle  are  shown  in  the  following  equations. 

HYDROOnN  ZKOI.TTR  EXCIIANOr. 


CallCOo 
MpCJ  * 
NaSO^ 
Pe804 

liAKD  RAW 
WATER 


IIYDROORN 
ZROLITR 


HCO3 
HCl 

H2SO4 
H2SO4 

TRRATED 
WATER 


Ca 
Mr 

Na 
Fe 

EXHAUSTED 
RESIN 


Since  the  acids  produced  by  the  hydrogen  Ion  exchanger  are  corrosive,  the  product 
water  must  be  neutralized  by  a  basic  solution  or  anion  exchange. 

If  sulphuric  acl(»  is  Injected  Into  the  resin  stronger  than  2%  -  4*"^  during  the  first 
few  minutes  of  regeneration,   the  resin  will  be  fouled  with  calcium  sulfate  (CaSO^j. 

ArilON  KXCnANGER.     Thorrr  are  two  main  types  oV  anion  exchange  materials  In  common  use  In 
the  Air  Force:  weakly  basic  resin,  made  of  polyamine  polystyrene;  and  strongly  basic 
resin,  made  of  quaternary  amine  polystyrene.     See  figure  4-3  for  data  on  these 
materl als. 


Strongly  Basic  Anion,  Ilydroxyl  Cycle.     When  the  strongly  base  anion  res  1  nr^  are 
regenerated  wi  t^  sodium  hydroxide  (NaOH) ,  they  are  converted  to  the  hydroxy]  for?7i  (ROH). 
In  this  form  they  are  used  as  the  second  stage  of  a  deml nera 1 I zer.     The  strong  base 
material  is  the  only  one  that  will  remove  silica  and  it  must  be  regenerated  with  NaOH  to 
do  It.   (See  figure  4-4  for  this  process.)     The  strong  base  process  removes  all  acids 
from  hydrogen  zeolite  water. 


f:rf 


AGIO 
FOR 

REGENERATION 


Service 


H2Z 
CATIOM 


I 
I 

AGIO 


-2° 


STR0M9LY 
•ASIC 
ANION 
R*OM" 

I 


H40H 

FOR 

REOrNERATlON 


DEIONIZED 


H«0 


HCl   (Acid  HjO)  +  R  Oh"   ^    R+Cl"  +  HjO  Mineral 

Free 
Product 


Regeneration    r'*"C1"  +  NaCH  - 
Exhausted  Bed 


R'*"0H  +  (NaCl  +  NaOH)  R"*"  =  Resin 
Waste  Water 


FlfTure  4-4.     .Strongly  Basic  Anion,  Ilydroxyl  Process 
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Dolv!fJS:L?*^^^  ^^^^  PROCESS.     The  weakly  basic  anion  exchange  material  (polyaii.Sne 

Exchangers  Used  in  Combination.     The  dual  bed  deoineralizer  consists  of  t.o 

crnJ:inS'ln':;e°ot*ier  '^'r^l\^'        T'"'''^''        <>-  tiiir^InS^a^n'^Son'm^IerrSfrs*" 
t  other.    Cations  such  as  calcium  and  magnesium  are  removed  in  th^ 

?5"::irS;SS::gert°'°°^  ^"^•^  nitra*fe%':?^%1„J;eJ\% 

A.ohlJL^*"^^  are  removed  first  by  passing  the  raw  water  through  the  hydrogen  cation 
llTsenl  i'n  tJS%«    T*  i°  proportion  to  the  salt!  thTt  iliel^tlBtilliy 

in"%\°on^%JL^Je;.'*5e%'-,ig';?e*4"!  '''^"'^  ""^'"^ 

tank"'®T?}r'*  i'f'*  demineralizer  has  both  cation  resins  and  anion  resins  mixed  in  one 

iJS;al^Ut8°tLr?Mnff  !?*ff,?'H*  "S?  '^^^'^^  °'  P'"'"^'  resulting  less 

i  triple  distilled  water.    The  mixed  bed  demineralizer  is  a  combina- 

tion of  hydrogen  cation  and  strong  base  anion.  eraiizer  is  a  comblna 

th«„  i  t         ^'^^         ''^'^'^  °'  compressed  air.    A  final  rinse  ifi 

then  applied  before  the  unit  is  put  into  operation.    Refer  to  figure  4-5. 

hvn™!;*!  water  containing  magnesium  is  allowed  to  enter  an  anion  exchanger,  the 
?oK    ^  u-°°  '1^^  magnesium  and  form  the  compcnd  magnesium  hySJo^ide  Me 

^2f&ing%%°:c'ii":n?''~'"^  '"^  -         reslVlVtil  ' 

•«gCl2    +    2R+    OH-  >  Mg(0H)2  +  2R+C1 

o.i^i^n'"  J°  figures  4-3,  4-4.  4-4  and  4-5.  tad  note  that  all  anion  exchaneers  have  n 
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RAW  HaO 

75h 


No  2 
SOFTENER 


SOFT  HgO 
INFLUENT 


CATION 
AND 
ANION 
RESINS 
MIXED 


OEIONIZED  HgO 


WASTE  Hfi 
TO  DRAIN 


 ^ 

ANION 
RESIN 


CATION 
RESIN 


A.  SERVICE 


SOFTENER 
BACKWASH 


WATER 
B.  BACKWASH  STEP 


AIR  OUT 


C.  REGENERATION  STEP  q.  AIR  MIX  STEP 

E.  FINAL  R.N9E  STEP  SAME  AS  STEP  V  EXCEPT  THE  POOR 
QUALITY  PRODUCT  GOES  TO  THE  DR^iN 


Figure  4-5.    Mixed-Bed  Demineral Izor 
4-9 
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RAW  HgO 


i 


ACiOlC 


0000  H2O 


H  Z 
CATION 
UNIT 


R"*-  OH  - 

WEAK  BASE 
ANION  UNIT 


i 


(EXCELLENT 


PROOUCT 


Figure  4-6.    Combination  Demlnerallzers 
Components  of  Demlnerallzers 

The  major  components  of  the  unit  are: 

(1)  Exchange  tank 

(2)  Resin  bed 

(3)  Support  Bed 

(4)  Und^rdraln 

(a>    Collects  product  water 

/cx  i^L  distributes  backwash  water 

(o)  Influent  distributor 

(a)    Distributes  Influent  water  evenly 
/iax  Collects  backwash  water 

(6)  Freeboard  space 

(7)  aSienSiirtiS  "''P"^^^"  °'         ''"i-*  backwash 

(8)  Multlport  valve 

(9)  Mte  S"n:i%i5rca'iSr"°"  °' 

(10)  Rate  of  flow  controller 

(11)  Piping 

(12)  Meters 

Cycles  of  Operation 

ERATION  does  not  ,„ean  only  the  JeJ^neSSJj^J'fJ  Tt  Jt/tSf"*?*'*-. 
recharglng  process.    These  cvcl*.  -^1  .ii    *^        7  oyde*  during  the 

is  not  coSpfeted  corrlS^J.^S^^un^raJ^i  eLre-I^J"^^?^:^^  J'  -?e?fy!''^^* 

Three  methods  are  used  to  determine  .hen  an  exchanger  should  be  regenerated.  They 

1.    Time(8hlft,  daily,  biweekly) 

Quantity  (number  of  gallons  produced) 
Quality  of  water  (test  for  exWaustion) 


2 
3. 
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TIME.  At  some  installations  the  amount  of  water  used  per  day  is  fairly  constant.  It 
is  important  that  service  not  be  stopped  for  regeneration.  The  size  and  capacity  of  the 
ior  exchange  equipment  are  planned  so  that  servicing  is  done  at  night,  on  weekends,  or 
between  shifts.  Regeneration  is  done  regardless  of  the  state  of  exhaustion.  Many  full'^ 
automatic  units  are  controlled  by  clocks  that  start  the  regeneration  process  after  work' 
days  but  not  on  weekends. 

QUANTITY.    At  some  installations  the  regeneration  is  done  during  the  work  day  when 
it  is  needed.    Probably  the  most  dependable  control  device  in  this  case  is  the  water 
meter.    The  volume  of  water  that  the  unit  is  expected  to  process  is  determined  by  the 
manufacturer  and  by  operating  records.    The  water  meter  is  set  to  sound  an  alarm  or  to 
start  regeneration  when  a  certain  number  of  gallons  have  been  processed. 

In  the  automatic  system,  the  water  meter  is  equipped  with  an  electric  contact  head 
to  start  automatic  regeneration.     In  the  manually  operated  type,  the  meter  may  be 
connected  to  an  electrical  contact  which  will  ring  a  bell  or  flash  a  light  and  thus 
indicate  the  need  for  regeneration. 

QUALITY  OP  WATER.    Monitoring  of  produ  t  quality  is  desirable    because  it  allows  an 
operator  to  produce  the  maximum  amount  ol  water  from  each  regeneration  and  also  insures 
good  quality  of  water  for  the  using  agency.    Cation  exchangers  may  be  tested  for 
exhaustion  by  conducting  the  total  hardness  test  (either  EDTA  or  soap  test). 
Demineralizers  are  usually  monitored  with  a  conductance  meter.    When  TDS  exceeds  a 
specified  limit,  the  exchanger  must  be  regenerated. 

There  are  four  (4)  steps  in  the  regeneration  process: 

BACKWASH  is  a  very  important  step  of  operation,  because  foreign  matter  has  a 
tendency  to  act  as  a  pluf;  which  restricts  the  flow  of  water.    It  also  reduces  the 
exchange  capacity  of  the  resin  as  it  coats  the  resin  beads.    Channeling  and  clumping 
are  broken  up  and  the  resin  is  prepared  for  chemical  treatment.     It  Is  a  good  practice 
to  place  a  beaker  or  large  mouth  container  beneath  the  backwash  outlet  to  observe  the 
waste  water  for  any  resin  that  is  being  backwashed  from  the  column  and  for  determining 
when  backwash  water  becomes  free  of  turbidity. 

CHEMICAL  INJECTION.    This  is  the  chemical  treatment  in  which  the  unwanted  ions  are 
removed  through  "mass  action."    A  high  concentration  of  chemical  reverses  the  normal 
ion  exchange  action,  allowing  the  resin  to  be  returned  to  the  original  condition.  The 
chemical  used  depends  or  the  type  of  exchanger  and  resin. 

SLOW  RINSE.    This  step  allows  for  contact  time  between  the  resin  and  chemical.  It 
allows  regeneration  to  be  completed  throughout  the  bed. 

FAST  RINSE.    The  excess  regenerant  chemical  and  ions  it  has  removed  are  washed  out 
of  the  bed  to  waste.    The  rinse  should  continue  until  the  normal  operating  condition  is 
reached.    The  exchange  unit  can  then  be  returned  to  service. 
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INFLUENT  H^O 


CHANNELING 

EXHAUSTED 
RESIN 


DIRT 
ACCUMULATION 


-  CLUMPS 


SUPPORT 
CLEAR  TREATED 


H^O 


DiRTy  H2O    TO  DRAIN 


^.XPANDED  BLD 
RECLASSIFIES 
WHEN  SETTLEC 


SUPPORT 


WASH  H2O 


SERVICE 


INJECTOR 


NOTE:  CLOSE  THE 
CHEMICAL  VALVE 
TO  START  SLOW 
RINSE 


REGENERATE  ft    SLOW  RINSE 


BACKWASH 


INFLUENT  H2O 


RtCLNCHATED 
CLEAN  RESIN 


EXCESS  CHEMICAL 


RINSE  H^O  I 
TO  DRAIN 


MST  RINSE 


T 


FiRure  4-7.    Regeneration  Cycle 


EXERCISE  III-4-4ad 


PAHT  1 

INSTUUCTlONSr  On  the  shell  of  the  unit  in  figure  4.  show  the  approximate  location  of 
the  following  items.  Match  the  letter  preceding  the  listed  item  to  tl,r  uwubrrv.i  nrro 
to  show  their  location  on  fi^jure  4.  Items  may  be  useci  once,  more  than  ducc  or  not  at 
all  . 


CNC-t29 


Fii;iire  4-8.     Cation  Tank  on  Demineralizer  Unit 
TERMS 

a.  Top  of  ion  exchange  material  bed, 

b.  Influent  distributor. 

c.  Multiport  valve. 

d.  Anthracite  coal  bed  •  support  bed  for 
exchange  material . 

e.  Free  board  space. 

f.  Rate-of-flow  controller. 

g.  Underdrain  system. 

h.  Pressure  relief  valve. 

  STOP   

Before  proceeding  any  further,  have  the  Instructor  check  your  work. 

 Instr  initials 
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PART  2 


JlS'foU™"^  I?;„r  £«it  iLT„^"r°.  S?""  J-",'  "«••        "PPr^L'te  location  „, 


CNC.I30 


Figure  4-9.    Dual  Bed  iu  mineral! 

a.  Cation  exchange  unit 

b.  Anion  exchange  unit 

c.  Acid  regenerant  tank 

d.  Multiport  valve 

e.  Flow  rate  meter 

f.  Caustic  regenerant  tank 

g.  Underdrain  system 


Conductivity  meter  and  controller 
Raw  water  influent  line 

Effluent  line  from  cation  and  anion 
tanks 

Collection  trough 
Pressure  gauge 
Hate  controller 


STOP 


Before  proceeaing  any  further,  have  the  instructor  check  your  work. 

Inatr  initials 
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EXERCISE  III-4-4b 

INSTRUCTIONS 

Complete  the  follcwi  n;  (Questions.  You  may  consult  the  instructor  if  you  have  any 
questions.  ^  ^ 


!•      The  two  anion  exchange  resins  are 


and 


2.      Two  functions  of  the  underdrain  are    and 


^-      '^^^  controls  the  direction  of  flow  through  the  unit. 

 acids  are  removed  by  a  weakly  basic  anica  exchanger, 

5.      The  two  resins  in  a  mixed-bed  demineral  izer  are  and 


G.      The  di£..  i^»?d  demineral  izer  is  composed  of  a  cation  unit  and 
 ^  anion  unit. 

^-   is  used  to  regenerate  a  sodium  zeolite  softener, 


is 


ru^cu  for  a  hydrogen  zeolite  softener,  and      is  U6t?d  lor  a  strong 

baj.-    anion  unit. 

A  ^  will  remove  strorr  acid  only. 

9.      The  effluent  from  a     is  acidic, 

1^-     A  will  remove  all  ftcids. 

The    phase  of  operation  Toll ows  chemical  injection. 

Ik.     During  ch^jmical  injection  the  unwanted  ions  are  removed  through 


  phase  al'o;i's  for  contact  time  between  the  rcsln  and 

regenerant  chemical . 
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INFOHMATION 


MONITOR/OPERATE  AN  ION  EXCHANGE  SOFTENER  AND  DEMINERALIZATIOW  UNIT 
Water  Softener 

Jhe'^SSru^**^"  bed  Is'SackwasheJ    Jhen^^r^ieneJ^teS  iSl^it'^t'eJ''' 

The  sodiu&f  tons  froo  the  brine  solution  recooblne  with  the  zeolite         rhM^  f^  " 
up  calcLim  ..nd  tnagneslun.  lone  which  combine  with  chloride  "^^""^  ^'^^^  K^^^^ 

Calcium  and  magnesium  chloride  are  soluble  salts  and  are  rin^^A  fr.,.m  ♦k 

DEMINERALIZERS 

e«h!!Se°"Si?r!ioL^f,K^^^  ^'^'^"^^^       removing  Inorganic  salts  from  water  by  ion 
ezcnange.     Only  those  substances  which  ionize  in  watPi*  mn  lul^ 

?eUv"^s'?L"anJo;rfr^\\1%e"?:r!'^^"  ^^^^^"^  ri^tL'^;^:. 

checrt%e°'re?:r°^n^''?St^„^%^^J^?4pa?rn^  {Se  ?e?dlJL*"?t'''^  conductivity  meter  and 
the^readln««  i.om  o„MS  to  ^.11^.^11^0? .l^lol'^^^^^^^^^  ^^^^ 


Micro-Mhos 


1^000^000 
"oHins" 


Micro-Mfeos/Qn 
Conductance 

0hm8/r>s 
Resi-  .  "jjcp 

Pj^p.m.  as  NaCI 

p. p.m.  as  NaC03 
Strong  Base 

C,5 
1.0 
2.0 
3.0 
4.0 
5.0 
j.0.0 

30.0 

2,G5:ri,0C0 
1,000,000 
500 , 000 
333,000 
250 . 000 
200,0^00 
100,000 
50,000 
33 , 000 

0.0 
0,3 
0.6 
0.9 
1.5 
2.0 
4.5 
9.5 
14.2 

0.0 
0.2 
0,4 
0.6 
0.8 
I.O 
2.0 
4.0 
6.0 

40.0 
50.0 

100 

200 

300 

25,000 
20,000 
10,000 
5,000 
3,330 

19.0 
23.6 
47.7 
95.0 
143 

8.0 
10.0 
20.0 

60 

400 
500 
1,000 
2,000 
3,000 
4,000 
5,000 
7,500 
10,000 
20 , 000 

2,500 

1,0;J 
500 
330 
250 
200 
133 
100 
50 

200 
2J9 
503 
1,000 
1,000 
2,065 
2,650 
3,970 
5,430 
1 1 , 500 

80 
100 
200 
400 
600 

ohms  " 


1,000,000 
Blcro^fiBos 


GPG 


■p. p.m. 


GPG 


p. p.m.  X  0.0584 


Table  1  -  Conductance  Conversion  Values  at  25»C 
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Dual  Bed  Demi neral izer 


BACKWASH  OF  CATION  COLUMN.     Backwash  is  a  very  importj?-t  step  of  operation,  because 
foreign  matter  has  a  tendency  to  act  as  a  plug  which  restricts  the  flow  of  water.  It 
also  reduces  the  exchange  capacity  of  the  resin  as  it  coats  the  resin  beads.  Figure  1 
shows  foreign  matter  being  coated  onto  the  resin  beads.     Figure  2  shows  the  backwash 
cycle  removing  the  deposits  from  the  beads.     From  observing  figures  1  and  2,  you  can 
see  why  backwashing  is  an  important  step  in  the  operation  of  demi neral  iz(.Ts. 

It  is  a  good  practice  to  place  a  beaker  or  largo  mouth  jar  beneath  backwash 
outlet  to  watch  the  waste  water  for  any  resin  that  Is  being  bac. ?Twashed  from  the  column 
and  to  see  when  backwash  water  becomes  free  of  turbidity* 

CHEMICAL  INJECTION  FOR  CATION  COLUMN.     When  the  regeneration  cycle  is  initiated,  the 
cations  which  have  been  removed  by  the  resin  urn  exchanged  for  new  hydrogen  cations  from 
sulfuric  acid  (n2S04).     It  is  important  to  remember  that  each  column,  the  cation  and 
the  anion,  a^re  regenerated  and  rinsed  separately* 


a  Coating  on  Resin  Surface  Resin  Surface  by  Bwckwashing 


A  word  of  caution:     Bauroe  CG»  (n2S04)  and  flake  caustic  soda  (anion  regenerant) 
are  both  ^Jangerous  iriaterials  to  handle  and  work  with.     A  person  uould  receive  severe 
burns  from  either  of  these  chemicals  if  the  proper  precautions  are  not  used.     Use  all 
safety  equipment  at  your  disposal  .     This  equipment  should  consist  of  acid-proof  apron, 
gloves,  goggles    and  footwear. 

After  the  backwash  cycle  has  been  completed,  the  next  cycle  is  chemic&l  injection. 
To  ro^i^nerate  the  cation  bed,  the  acid  is  prepared  and  used  according  to  the  following 
procedure. 

1.  1^.11  acid  tank  partially  with  water. 

2.  Measure  the  exact  amount  of  acid  required. 

3.  Slowly  pour  acid  into  the  water  while  stirring  constantly. 

4.  Add  make-up  water  to  the  recommended  tank  level. 

5.  By  following  the  manufacturer's  instructions,  open  and  close  the  correct  valves  and 
start  the  water  flow  at  the  prescribed  rate  for  the  regeneration  step. 

6.  Continue  this  phase  of  regeneration  until  the  correct  amount  of  acid  has  been  pulled 
from  the  tank. 

7.  After  regeneration  has  been  completed,  rinse  the  acid  tank  to  prevent  an  unsafe 
condition. 
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Figure  4-10  illustrates  the  regeneration  cycle  of  a  catl 


on  unit. 


H  SO^ 


WaTcK 


CrriUCNT  TO  MJt 
CONTAINI  NAjSO^ 


EKLC 


Figure  4-10  -  Regeneration  with  H2SO4 

rlrsrcvcles  oU**  H^!"^"\^°r  ''^''^^  °'  col"""  i«  the  slow  ana  fast 

rj..se  cycles.     The  si  ow  rinse  completes  regeneration  and  fast  rinse  removes  excess  acid 

iL?"*^.^^"."^         regenerating  material .     By  all  means,  follow  the  manSLcJSrlr  •  s 
tnotructions  for  operation  cf  demineral izers  as  it  is  inpissible  for  tM"  B?SSe"  text 

simiffr^Jo'^r^'*  ^""^^  r?"^  «e«eneration  cycle  of  the  anion  column  is 

Similar  to  the  regeneration  cycle  of  the  cation  column.  coiumn 

ANION  BACKWASH.     The  water  flows  upward  through  the  resin  to  remove  dirt  and  nir 
.«  the  bed.    The  flow  rate  nust  be  slower  than  for  cition  reeJn 

because  the  anion  resin  is  1  l^*.ter  and  tMl  wash  out  easier.  canon  resin 

for  S?Jc  ^  """^  procedure  for  mixing  flake  caustic  is  the  same  as 

caution:     The  dust  of  flake  caustic  is  very  active  and  will  bu  .»   eyes  ann 

respiratory  system.  '      *  " 

1.      Partially  fill  caustic  tank  with  water. 

Measure  exact  amount  of  liquid  or  flake  caustic  soda. 

Slowljr    add  NaOH  to  the  water  in  the  tank  and  stir  until  dissolved. 

Fill  caustic  tank  to  reccaiRiended  level. 

hJIs^st  ""tSd""  solution  at  proper  flowratas.     NOTE:     IX)_N0T  stir  after  injection 


2. 
3. 
4. 

5. 


Rinse  caustic  tank  after  regeneration  is  ccaplete. 


SLOW  RINSE.    After  all  the  causcic  has  flowed  into  the  resin,  the  same  flow  rate 
is  continued  to  complete  t;he  regeneration  of  all  parts  of  the  bed. 

FAS?  kINSE.     Fast  rinse  removes  the  excess  caistic.     The  flow  rate  is  set  near  thP 
maximum  service  flow  rate.  "''"'^  ^"'^ 

The  conductivity  met^r  is  set  at  the  lowest  quality  water  that  is  acceotabl-  When 
the  meter  lights  change,  the  rinse  is  complete;  ind  thl  water  is  reaSy  fS?  sJrVice. 
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Mixed  Bed  Demineral izers 


Also  known  as  tho  mono-bed,  this  unit  has  hydrogea  cation  and  strong  base  anion 
mixed  through  the  entire  bed  depth. 

BACKWASH.     When  test  lor  exhaustion  shows  that  unit  needs  regenerating,  renins  must 
first  be  separated  by  thorough  backwashlng.     The  lighter  anion  resin  will  come  to  the 
top  while  the  cation  resin  remains  at  the  bottom.     After  separation  is  complete,  the 
column  is  ready  for  regeneration. 

CHEMICAL  INJECTION:    A  flake  caustic  pcda  solution  (anion  regenerant)  and  muriatic 
acid  solution  (cation  regnerant)  must  be  prepared  for  regeneration.     Both  are  dangerous 
materials  to  work  with.    All  safety  r*ud  protective  clothing  should  be  worn  while  working 
with  these  chemicals.    During  regeneration  the  acid  flows  upward  through  the  cation 
resin  and  out  to  «aste.    The  caustic  soda  flows  downward  thorugh  the  anion  resin  and  out 
to  waste* 

SLOW  HINSE.  Flow  is  continued  to  allow  contact  time  between  regenerant  chemical  and 
resine. 

AIR  MIX  OF  RESINS,     k ...sins  are  mixed  together  by  means  of  compressed  air.     A  mild 
agitation  is  all  that  is  necessary. 

FINAL  RINSE.  A  final  rinse  is  applied  to  the  mixed  resins  before  the  «::nit  is  put 
back  into  service.  When  minimum  conductivity  is  reached,  the  unit  is  ready  to  be  put 
back  into  service. 

Instructions  for  monitoring/operating  the  different  types  of  ion  exchs.ngers  1  llow. 
You  will  operate  each  type  of  e^ichanger  by  following  the  checklist  with  instructor 
supervision. 


Instructions 

Follow  the  instructions  below  for  operation  of  the  water  softener  trainer,  water 
softener,  dual  bed  demineral  izer  and  taixed  bed  demineral  izer  ^    Each  item  of  guidance  is 
important  for  proper  operation  and  tt.e  steps  listed  rhould  be  followed  in  the  orJer 
presented. 


SAFETY  PRECAUTIONC 

1.  This  trainer  is  designed  to  t^-:  ,o  t?ie  flow  and  pnysical  operation  of  ion- 
exchangors  during  different  phases  of  cperrtion.     It  is  recommended  that  chemicals  NOT 
be  used  und'.r  classrcuom  conditions.     If  regeneration  is  desired,  use  NaCl  only. 

2.  Never  allow  water  pressure  in  unit  to  exceed  20  psi. 

3.  When  changing  cycles,  the  harowater  inlet  valve  should  be  opened  last  and  closed 
first  to  prevent  excesi  pressure  in  system. 

PREOPERATIONAL  CHECKS 

NOTE:     Check  schematic  for  location  of  values  and  lines. 

1*    Check  all  valves. 

2.  Check  pressure  regulator  for  a  system  pressure  of  15  to  2U  psl  and  adjust  if 
required . 

3.  If  the  water  level  in  the  ion-exchange  tank  is  more  than  one  inch  below  ihe  top 
of  the  tank,  fill  and  purge  air  as  follow^.; 


EXERCISE  IV-4a  (3) 


OPERATION  OF  WALTER  SOFTENER 


Open  both  backwash  valves. 


b.    0[.en  hardwater  inlet  valve  Jufi-t  enough  to  allow  water  to  fill  tank  but  not 
enough  to  cause  expansion  of  bc^d. 
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as  fJilois:*"'"  '"•^"^  ^^"'^  than  3/4  full,  nil   to  desired  ....... 

valve.  ''^  "^"''^^  brine  outlet  valve,  and  hardwater  r.-.. 

hardwateJ'infervJwe'^'  '  calves,  starting  with  the 

.ast^M^L^  fsi-j  p^^ro/f^Lr;or^°^l^r.^-rtf:^i^  ?n'  ^-ie^:-^  -  - 

workbSS!^'  "'"^  procedures  under  Oeerating_S_equence  in  this  study  guide/ 

OPERATING  SEQUENCE 

I.     Place  the  unit  in  service  as  follows: 

a.     Open  service  valve,  softwater  valve,  and  hardwater  inlet  valve, 
prevent  oOer flow^'f'J^'rop'^^'.i^,?^"''  «,ftwater  .rain  valve  enough  to 

2-     Backwash  the  bed  as  follows: 

a.  Close  all  valves,  startiog  witl.  the  hardwater  inlet  valve. 

b.  Open  both  backwash  valves. 

percent."     '"^^^  ''"'''^ter  inlet  valve  slowly  until  the  bed  expands  a.  .roxin^tely  50 

CAUTION:     An  excessive  backwash  rate  will  cause  zeolite  to  be  wa«hod  to  the 
drain.     Backwash  for  one  minute.  "««'"i-u  lo  cne 

iarSo^*^""'^*'  starting  with  the  hard-w.ier  inl«t 

3.  Place  unit  in  the  Chemical   Injection  Phase  as  follows: 

a.     Op^n  brine  injection  valve,  dra.lnline  valve,  and  hardwater  inlet  valve, 
the  brine'tanT'grirs^e"!!  '        '  ^"'^^^^        ^'^^'^'^-^  been  drawn  from 

4.  Slow  rinse  the  bed  as  followw: 

This  places  t'Je'unf rf^Ll Jw^'in'se?'  ''"^  ^'""'"^  '^^^^  ^'"^''^  «"tlet  valve, 

they  are'*  ^"-^"^  injection  valve.     Leave  other  valves  as 

5.  Fast  rinse  the  bed  as  follows: 

riuse.  "'"'''''"'^  «t«P        "^bove.  open  service  valve.     This  places  the  urlt  in  fast 

valve  an5'c^.!se'ir'arn  K^ne?''  "  ^"'^        "'^^  open  softwater 

POSTOPEHATIONAL  CHfcCKS 

1.  Check  valves  and  tanks  for  leaks  and  cracks. 

2.  Close  all  valves  except  th«  backwash  valve  to  drain. 


Figure  4-9,     Schenrr^ic  of  Water  Sof^^^ener  Trainer 
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OPERATION  OF  THE  DUAL  BED  DEMINEKALIZER 

passSf  LoSh?''  °^  ^'^^'^  '^y^^*'  component  that  the  water 

Service 

1.     Place  tlie  unit  into  service  as  follows: 

a.  Place  solo  valve  in  service  position  ^3. 

b.  Open  valve  ^2, 

Open  valve  ^1,  the  hardwater  inlet  valve  and  adjust  to  a  maximum  flow  of  G 


GPM. 


2.     Assume  the  bed  is  exhausted.     Regenerate  unit- 
Preparing  Regenerate  Solution 

NOTfc:     This  step  can  be  omitteil  if  the  brine  tank  contains  four  or  more  inch 
Jhe'JiSi!''"'     ^rthermore.  there  should  be  undissolved  LlTtn  JS^ 

^or  each  four  inches  the  brine  level  is  below  its  upper  level   in  the  tank  add 

2.  Place  solo  valve  in  service  position  No.  3.     Valve  No.  1   should  be  open. 

3.  Open  valve  No.  4  and  add  water  up  to  the  "upper  brine  level",  then  close. 
Regenerating  Sodium  Zeolite  Unit 

!•     Backwash  (Step  No.  ;> 

a.  Close  valves  No.  ;  and  No.  2. 

b.  Open  valve  No.  3  momentarily  to  releaFC  pressure  in  tank  and  then  close. 

c.  Place  solo  valve  on  BACKWASH,  position  ho.  1. 

d.  Control  influent  by  valve  No.  1  at  2  GPM  for  5  minutes,  then  close. 
2.     Regeneration  (Step  No.  2) 

a.  Adjust  solo  valve  for  chemical  injection    and  slow  rinse  in  position  No.  2. 

b.  Open  valve  No.  1.     Flow  rate  is  controlled  by  the  solo  valve. 

^o4.  ^       permit  addition  of  salt  brine  to  water  golK  through  the 

resin  column.    Total  brine  drawdown        four  inches  and  usual  time  is  aboSt^  iSSes. 

d.    aose  valve  No.  4  whon  regeneration  is  completed- 
3.     Slow  Rinse  (Step  No.  3) 

Slow  rin^  tTl.TTnltel'''''  '  '^'^  ^-tlnuo 

b.     aose  valve  No.  1  after  i,he  7.5  minutes. 
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4.     Final   Rinse  (Step  No.  4) 

a.  Place  solo  valve  in  service  position  No.  3. 

b.  Fully  open  valve  No.  3. 

c.  Open  valve  No.   I    to  ijive  a  xl  ow  oX  2  GPId. 

d.  Rinse  until   i .a;  t  cannot  be  tasteo    n  effluent  and  then  close  valve  No.  3. 
.0.     Service  Run  (Step  Ho.  5) 

a.  Open  valve  No.  2  on  service  lir 

b.  To  adjust  to  the  desired  maxirn^am  flow: 

(1)  Open  valve  No.  3. 

(2)  Using  valve  No.  1,  adju&t  the  desired  maximum  flow  of  3  gpm. 

(3)  Then  close  valve  No.  3.     This  places  the  ion  exchanger  back  in 

service. 

The  manual  operation  of  the  demineral izer  during  regeneration  will  be  in  four 
cycl es* 

1 •  Backwash 

2.  Regeneration  (chemical   injection  -  slow  rinse) 

3.  Fast  Rinse 

4.  Service 

To  obtain  these  four  cycles  of  operation  requires  the  following  steps.  Perform 
these  steps  under  the  supervision  of  the  instructor. 

Note  that  all   operationib; ,  fxcept  the  final  rinse,  are  conducted  separately  on  each 
column.     The  valves  of  this  unv     are  number   '   to  coincide  with  the  following 
instr  net ions: 

STtP  1  -  SERVICI; 

1.  Solo-valve  No.   1  in  ''Hun'   position  (Position  No.  3) 

2.  Solo-valvo  No.  2  in  "Run"  position  (Positron  No.  3) 

3.  Open  valve  No.  13  on  service  line 

4.  Control   flow  with  valve  No.  9  to  1.5  GPM,  maximum  2  GPM 

5.  Perform  test  for  exhaustion.     If  bed  is  exhPusted,  regenerate  unit 
SitP  2  -  SHUTDOWN  (End  of  service  run  prior  to  regeneration) 

1.  Solo-valve  No.  1   in  "Run"  position  (Position  3) 

2.  Solo-valve  No.  2  in  "Run"  position  (Position  3) 

3.  Close  valve  No.  9  and  No.  13 

4.  Open  valve  No.  12 

5.  Solo-br<dgu  switch  to  "Off"  position 
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STEP  3  -  BACKWASH 

NOTR:     a.     Start  backwash  SLOf ,  increase  gradually  to  prescribed  rate. 

b.  Always  have  sampling  jar  under  solo-valve  drain  line- 
If  resin  particles  are  being  discharged,  reduce  rate. 

c.  Continue  backwashing  until  water  is  clear  and  free  of 
suspended  matter. 

d.  Anion  column  fir-st,  cation  cclumn  second. 
Anion  Column: 

1.  Solo-valve  No.  1   in  "Run"  position  (Position  No.  3) 

2.  Solo-valve  No.  2  in  "Wash"  position  (Position  No.  1) 

3.  Open  influent  valve  No.  9  and  backwash  at  a  rate  of  one  (1)  gallon 
per  minute  for  ten  (10)  minutes  (or  until  effluent  is  clear) 

4.  Qose  valve  No.  9  at  end  of  backwash. 
Cation  Column: 

1.  Solo-valve  No.  1  in  »rash  position  (Position  No.  1) 

2.  Solo-valve  Ho.   2  in  run  position  (Position  No. 

3.  Open  influent  valve  No.  9  and  backwash  at  a  rate  of  two  (2)  gallons 
per  minute  for  five  (5)  minutes  (or  until  effluent  is  clear) 

4.  Qose  valve  No.  9  at  end  of  backwash. 

STEP  4  -  REGENERATION  (Simulate  injection  of  chemicals) 

CATION:     wear  protective  clothing  to  guarJ  a^.inst  splashing  of  chemicals. 

NOTE:     a.     Both  columns  are  regenerated  cr.:^  rinsed  separa'~ly  before  the  final 
rinse. 

™no^"^  h"*""""  '•egeney.,..,  ■  .ne  the  cation  column  i.. 

Chemicals  Required: 

1.  Cation  '    H2SO4  (66»Be)  7.5  lb 

2.  Anion  -  NaOH  (flake)  c.O  lb 
Preparation  of  Regenerant  Solutions: 
Acid  Tank  (Cation  bed) 

ofh^'Slreef^lLT  2  in  Run  position  (position  No.  3).  all 

?rZ  iCp!"^?[oL'^;riv'e°-No':  y!'''"  ^  ''^^^^  """^  ^^^^   ^        ^  — > 

3.  Add  required  amount  of  acid  directly  to  acid  tank  and  mix. 

^en  valve  No.  9  and  add  water  until  level  of  solution  Is  2  inches  from  top  of 
tank,  then  close  valve  No.  9.  *^ 
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Caustic  Tank  (Anion  beo) 

1.  Solo-valves  No.  1  and  2  in  run  position  (position  3);  all  other  valves  closed. 

2.  Open  valves  6  and  9. 

3.  Add  required  amount  of  NaOH  slowly,  stirring  constantly. 

4.  Rill  tank  with  water  until  level  of  solution  is  10-1/2  inches  from  top. 

5.  Close  valve  No.  9. 
Regeneration  of  Units: 
Cation  Regeneration 

1.  Solo-valve  No.  1   in  chemical   injection  position  (position  No.  2) 

2.  Solo-valve  No.  2  in  run  position  (position  No.  3) 

^"     S^PSI)"^  adjust  influent  valve  No.  9  for  a  flow  rate  of  0.75  GPM  (appro:;^  ^   ,el y 

4.  Open  acid  valve  No.  5. 

5.  aose  acid  valve  No.  5  when  liquid  level  is  2  inches  from  bottora  of  tank 
(suction  time  approximately  42  minutes) 

Cation  Slow  Rinse 

1.  Solo-valve  No.  1  in  chemical  injection  position  (position  No.  2) 

2.  Solo-valve  No.  2  in  run  position  (pos  c*on  No.  3) 

3.  Rinse  at  0.75  GPM  for  7.5  minutes  (22.5  gal) 

4.  Close  valve  No.  9  at  end  of  7.5  minuc.-s 
Anijn  Regeneration 

1  .     Solo-valve  No.  1   In  run  position  (position  No.  3) 

2.     Solo-valve  No.  2  in  slow  rinse  position  (position  No.  2) 

^'  ^^ncTx^  adjust  influent  valve  No.  9  for  a  flow  irate  of  0.75  GPM  (approximately 
4.     Open  caustic  valve  No.  6 

b.     Close  caustic  valve  No.  G  wher.  solution  level  is  2  inches  Iron  button  of  tank. 
(Suction  tim^i  approximately  17  min.) 

Anion  Slow  Rinse 

1.  Solo-valve  No.  I  in  run  position  (position  No.  3) 

2.  Solo-valve  No.  2  in  slow  rinse  (position  No.  2) 
:u    Valve  No.  12  wide  open. 

4.  Valve  No.  9  remains  open  and  controls  rinse  at  0.75  GPM  for  5  minutes 

5.  Close  valve  No.  9  at  end  of  5  minutes. 
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STEP  5  -  FINAL  RINSE 

1.  Solo-valve  Nc.  1  in  run  position  (position  No.  3). 

2.  Solo-valve  No.  2  in  run  position  (position  No.  3). 

3.  Valve  No.  12  WIDE  OPEN. 

5.  Open  influent  valve  No.  9. 

6.  Rinse  at  2  GPU  until  GREEN  LIGHT  burns  continuously. 

SrilJes^  "^'"^  '°  ^^^'^  ^"^'^^  '•in^  to  flush 

STEP  6  -  SERVICE  RUN 

1.  Solo-valve  No.  1  in  run  poBition  (position  No.  3). 

2.  Solo-valve  No.  2  in  run  position  (position  No.  3). 

NS^^irlrope^ei'  °"  "'""'^  """'"^         12  as  soon  as  valve 

4.     Control   flow  with  val'fc  No.  9  to  1.5  GH!,  MAXIIIffM  2  GPM. 
Start-u  ■  After  Shut  Down 

If  unit  has  been  shutdown  overnignt  or  loneer    a  ahnrt  oinco  < ^   ,  ^ 
proceeding,     (step  No.  3,  Final  RinsI)  ^""^^^  •  ^  ^hort  rinse  is  recommended  betore 

End  of  Service  Run 

Shut*'S^l'"*'*  i^^"  continuously,  the  unit  is  exhausted.     Begin  again  with  Sten  2 

Shut  Down,  and  repeat  above  procedure.  "=6^"  ««itin  witn  btep  iJ 
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EXERCISE  IV-4b 


INSTUUCTIONS 

OPERATION  OF  THE  MIXED  BED  DEMINERALIZEH 

Normal  Operation 

1.  Open  valves  E,  A,  and  H  with  instructor  assistance. 

2.  Check  water  pressure  on  the  ga^jge  PSI.     It  should  read  between  20  and  30  psi. 

3.  Check  water  purity  by  pressing  the  ohmmeter  button.    Any  reading  above  1  million 
is  good  OHM.     If  below  1  milliOQ,  regenerate  unit. 

4«     Let  unit  run  for  approxiamtely  5  minutes. 

Tw  Shutdown  Operation 

I*     Qose  valves       A,  and  E. 

2.  Qose  the  main  ion  exchange  water  supply  valve. 

3.  Shut  down  the  cation  unit  you  are  using  and  relieve  the  pressure  in  the  unit  with 
instructor  assistance. 

Regenerate  if  exhausted.  If  not  exhausted  the  instructor  will  explain  the  backwash  and 
separation  procedures  as  follows: 

1.  Backwash  and  separate 

Close  all  valves  except  (B)  an  (V).    These  valves  should  be  full  open.    Open  valve  (II) 
until  a  trickle  of  water  comes  out  of  the  drs>in  pipe. 

After  five  minutes  of  this  slow  flow  rate  observe  the  resin.     If  there  is  a  slow 
movement  of  the  resins  in  a  upward  surge,  the  flow  rate  is  fast  enough.     However,  if 
there  is  no  apparent  movement  in  the  resin  bed,  increase  the  flow  rate  by  adjusting 
valve  (U).     It  is  very  important  that  the  flow  rate  is  not  excessive  as  it  will  drive 
the  resin  bed  completely  to  the  top  of  the  column,  thereby  causing  a  plug  that  will  not 
separate.     If  this  occurs,  the  resin  bed  will  have  to  be  driven  down.     This  is  easily 
accomplished  by  closing  all  valves  except  (A),  (H),  and  (E).    When  slug  of  resins  is 
driven  down,  proceed  with  backwash  and  separate  cycle  for  15  minutes. 

2.  Regeneration  of  the  Cation  and  Anion  Resin 

Preparing  the  regeneration  solutions  -  fill  a  3-isallon  rubber  bucket  with  2  gallons 
of  softened  or  demineral ized  water  and  stir  in  5  pounds  of  caustic  flakes,  stirrin^^ 
until  thoroughly  dissolved.    One  gallon  of  30  percent  muriatic  acid  is  used  full 
strength  for  the  cation  regencrant. 

Drawing  Up  Anion  Regenerant 

All  valves  closed,  open  valves  in  this  order  (C)  end  (C).     Slowly  open  valve  (II) 
until  the  pressure  gauge  shows  15-20  pounds.     Open  valve  (K)  full.     This  regenerant 
cycle  should  take  at  least  20  minutes  to  allow  contact  time  with  the  anion  resin. 
Adjust  valve  (H)  accordingly.    Qose  all  valves. 

3.  Rinsing 

All  valves  closed.     Open  valves  in  this  order  (H) ,  (A),  and  (K).     Continue  in  this 
cycle  for  20  minutes  or  until  pH  of  the  drain  effluent  is  approximately  8-9.    Qose  all 
val ves . 

4.  Regenerating  Cation  Resin 

All  valves  closed.     Place  acid  draw-up  tube  in  muriatic  acid.    Open  valves  in  this 
order:     (D'),  (D),  (K),  and  (H).    Adjust  valve  (H)  so  that  acid  draw-up  takes  10-15 
minutes.    When  acid  is  drawn  up,  close  valves  (D')  and  (U).    Open  valve  (B),  readjust 
valve  (H)  to  slightly  increase  the  flow  rate.    Rinse  cation  resin  in  this  position  for 
10  minutes.    Close  all  valves. 
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5.  Air  Mixing  of  the  Resins 

(1)  To  drain  water  level  to  approximately  4"  above  resin  bed: 

All  valves  closed.    Open  valves  (V)  and  (E).    When  water  level  is  reached, 
close  (V)  and  (E).  ' 

(2)  Open  valves  (B),  (V),  and  open  valve  (J)  slowly  until  agitation  of  the 
resin  bed  starts.    A  mild  agitation  is  all  that  is  necessary.    Observe  resin  for 
complete  mix.  This  cycle  will  take  approximately  4  minutes.     Qose  all  valves. 

valve^H)         ^^^^^         appears  too  dry  and  not  mixing,  add  water  properly  by  opening 

6.  Final  Rinsing 

Pill  the  tank  by  backwashing  rapidly,  open  valves  (V),  (B),  and  (H),  to  drive  the 
bed  down.    Qose  (V),  (B)  and  (H).    Open  valves  in  this  order:     (A),  (II),  and  (E). 
Turn  on  conductivity  meter.    When  minimum  conductivity  is  reached    turn  on  (F)  and 
close  (E).  Unit  is  now  in  service. 

Flow  coutrol  can  be  adjusted  by  valve  (H)  up  to  120  gph  or  wide  oper,. 

NOTE:     If  unit  shows  preliminary  exhaustion,  go  through  the  air  mixit^  cycle. 
This  usually  adds  about  20  percent  more  to  the  run  cycle. 

DEIilNERALIZATION 

INSTRUCTIONS 

Answer  the  following  questions  pertaining  to  the  operation  of  a  mixed  bdd 
demineral  izer . 

1.      What  type  of  resin  is  used  in  a  dual  bed? 

a.  

b. 


What  test  is  performed  for  the  exhaustion  of  the  dual  bed? 


What  chemicals  are  used  for  regenerations? 
a. 

b.  

What  is  the  purpose  of  the  slow  rinse  cycle? 


What  is  the  purpose  of  the  fast  rinse  cycle? 
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What  is  tiio  allowable  tree-board  space  required  for  regeneration? 


What  are  the  two  cycles  ot  operation  ol  the  mixed  bed  detnineral  t v.er? 


Which  step  does  chemical  injection  occur? 


Which  valve  is  closed  first  and  opened  last? 


10 


Wliat  would  cause  the  loss  of  resin  during  the  backwash  cycle? 


INFOKMATION 


MAliNTPJNANCB  OK  ION  EXCHANGERS 


Dally  and  routine  inspections  are  a  must  on  demineralizer  equipment  to  keep  the  plant 
operating,     fjlost  failures  can  be  prevented  by  simple  inspection  and  spotting  trouble 
before  it  gets  out  cf  hand.     Water  softener  and  demineralizer  units  used  by  the  Air  Force 
are  commercially  manufactured  by  various  companies.     Manufacturer's  manuals  should  be 
referred  to  for  specific  units.     However,  AFil  91-20,  Par  G-38i  can  be  consulted  for 
general  information. 


INSTKUCnONS 

Using  AFIl  HI-2G,  answer  the  following  questions. 
1.       In  a  softener  unit,  how  much  undissolved  salt  should  be  kept  in  the  brine  solution? 


2.      How  do  you  protect  the  brine  measuring  tank  from  corrosion? 


3.      What  maintenance  is  required  on  a  leaking  valve? 


4.      Wliat  setting  must  tlie  multiport  valve  be  on  when  lubricating  it? 


How  hard  sliould  water  be  that  is  used  for  washing  zeolite  material? 
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6.    What  kind  of  gravel  shoulu  be  used  for  the  gravel  bed? 


7.    What  effect  does  temperature  of  raw  water  have  on  zeolites? 


8.    What  Is  done  to  remove  organic  material  Including  bacteria  from  zeolite  beds? 


9.    What  should  the  purity  of  the  salt  used  for  regeneration  be? 


10.     How  do  you  determine  the  efficiency  of  your  equipment? 


SUMMARY 


Ions  are  electrically  charged  atoms  or  groups  of  atoms.     Ion  exchange  Is  a 
reversible  chemical  reaction  between  Ions  In  solution  and  Ions  In  solid  materials. 

The  process  of  Ion  exchange  has  been  known  for  many  years  but  the  commercial  use 
of  the  process  Is  very  recent.    New  uses  for  the  materials  and  new  materials  are  being 
developed  all  the  time.  u^aus 

The  common  ion  exchange  materials  are  natural  aluminum-silica  sand,  manmade 
aluminum-silica  gel,  sulfonated  coal,  and  the  plastic  resins.    The  resins  are  now  in 
most  common  use. 

Sulfonated  polystyrene  will  exchange  cations  and  may  be  used  on  the  sodiua  cycle  as 
NaZ  or  on  the  hydrogen  cycle  as  HgZ.     As  NaZ.  it  will  soften  water  by  removing  calcium 
and  ttagnesium.    As  H2Z,  it  will  remove  all  cations  and  replace  them  with  the  H+  ion. 
The  hydrogen  ion  changes  all  salts  to  acid. 

Ion  exchange  materials  are  reusable  because  they  may  be  regenerated.  Regeneration 
removes  the  impurities  and  restores  the  resin  to  its  former  operatii«  state.  Regenera- 
tion is  achieved  by  "mass  action"  of  an  excess  of  regenerant  chemical . 

There  are  two  types  of  anion  exchange  material,  weakly  basic  and  strongly  basic 
I?®  J[^2^  material  will  c^erate  on  the  hydroxyl  cycle  or  on  the  chloride  cycle. 

The  OH    cycle  is  used  to  dealkallze  boiler  water. 

The  quality  of  deraineralized  water  is  checked  with  a  conductivity  meter  that  may  be 
calibrated  in  micro-ohms  or  ohms. 
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3770  Technical  Training  Group 
(Civil  Engineering  Training) 
Sheppard  Air  Force  Hase,  Texas 


SW  J3Ai3R56631  000-III-5 


MONITOR /OPERATE  AND  MAINTAIN  ELECTRODIALYSIS  DEMINERALIZKR  UNIT 


OBJ  15CT  IVES 

Given  information  and  an  elec trodialysis  demineralizer  unit,  work  as  a  team  to 
monitor/operate  the  unit,  with  no  more  than  three  instructor  assists. 

Given  information  and  an  elec trodialysis  demineralizer,  work  as  a  team  to  maintain 
the  unit,  with  no  more  than  two  instructor  assists. 


INTRODUCTION 


INFORMATION 


ELFXTRODIALYSIS  DEMINERALI ZATION 


Principles  of  Operation 

As  you  know,  most  water  is  a  conductor;   that  is,   it  will  conduct  electricity.  The 
reason  for  this,  is  that  most  water  is  not  pure.     Pure  water  (that  is,  pure  H2O)  will 
not  conduct  electricity.     For  water  to  conduct  electricity,   it  must  contain  an  acid,  a 
base,  or  aalt.     Water  containing  an  acid,  base,  or  salt  is  called  an  electrolyte.  When 
an  acid,  base,  or  salt  is  put  in  water,   it  breaks  down  into  "ions."    These  ions  are 
either  positively  or  negatively  charged.     The  positively  charged  ions  are  called  cations 
and  the  negatively  charged  ions  are  called  anions.  For  instance,  when  table  salt  (NaCl) 
is  put  in  water,   it  breaks  down  into  positive  sodium  ions  (Na'*')and  negative  chloride 
ions  (Cl^)  as  shown  In  the  following  equation: 

in  wa  ter      ^  . 
NaCl   ^  Na*  +  Cl" 

The  separation  or  disassocia tion  of  comjpounds  when  dissolved  in  water  is  known  as 
ionizJitlon.     When  ionization  takes  place,   there  are  numerous  positive  and  negative  ions 
floating  around  in  the  water,  but  the  total  number  of  positive  charges  in  the  water  is 
equal  to  the  total  number  of  negative  charges.     Hence,   the  water  or  solution,  as  a 
whole,  remains  electrically  neutral.     Because  of  these  electrically  charged  ions,  water 
is  able  to  conduct  electricity.  The  more  ions  in  the  water,   the  more  electricity  it  will 
conduct. 

The  most  common  ions  found  in  water  in  appreciable  quantities  are  as  follows: 


Ca  tion 


Anion 


Sodium 
Ca  Icium 
Magnesium 


Na^ 

Ca+^ 

Mg** 


Chloride 
Bicarbona  te 
Sulfa te 


ci- 

HC()3'" 
SO4- 


EFFECT  OF  DIRECT  CURR^iNT  (DC)  POTENTIAL  ON  IONS.     If  a  DC  potential   is  applied 
across  a  solution  of  water  and  salt  by  means  of  two  electrodes  in  the  solution,  cations 
will  move  toward  tho  negative  electrode,  which  is  known  as  the  cathode,  and  the  anions 
will  move  toward  the  positive  electrode,  which  is  known  as  the  anode.     Figure  5-1  is  a 
container  of  sodiaoi  chloride  and  water  solution.     In  this  6:olution,    the  sodium  cations 
(Na*)  and  chloride  anions  (C1-)  move  about  at  random.     Figure  5-2  illustrates  the  same 
solution  with  a  DC  potential  applied  to  electrodes  in  the  solution.     The  anions  move 
toward  the  positive  electrode  (anode)  and  the  cation  moves  toward  the  negative  electrode 
(cathode). 
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 ^ 

Na  + 

Na  f 

/  C- 
\  \ 

CI- 

\ 

CI- 

C  C .040  A 


ANOOe 


0 

Cl2  GAS  HjGAS 

♦.CI-  A/a-L*. 

♦-CI-  OH-^ 

-»-Na+  Nat>«. 

■^Cl-  Nat. 


CC  .040* 


Figure  5-1, 


Sodium  Chloride 
and  Water 


.'•-2.     D.C.   Potential  Applied 
to  the  Klectrodes 


whon^^^!  natural  waters  contain  varying  amounts  and  typos  of  cations  and  anions 
When  DC  potential  electrodes  are  Inserted  in  these  waters    all  of  the  rations  w?!! 
move    n  one  direction,  toward  the  cathode;  and  all  of  the  anions  wfu  moJe  In  ?ie 
TJifM  °"'  toward  the  anode.     Thus,  the  area  of  water  between  ?he  eLcS^odes 

JseS        de  onf.e^:^Sr",f^'"°^^''  ^r"""?^  ''^^  ^^^^^^^<^  ''^one.     This  Ion  moJoment  cin  ho 

as  bStJno^Tso"l^ft:";ie"j:rf?S  zJS"^  ^          ^^^^  -  "-^^ 

Cation  Membrane.     A  negatively  charged  membrane  which  will  permit  only  ctlons  to 
pass  through  It  when  DC  Is  applied  to  the  solution.  "  '""t'""'' 

anloJfoSly!"*'''^"^'     *  P°«<  lively  charged  membrane  which  will  permit  the  passage  of 


"1"  dlJo^nl  tTr      r  .  °^  "^"^  •'^-3.  the  number 

"J"  anode  (positive  electrode),  "2"  Is  the  anion  membrane  (positive  rharee) 

3    is  the  cation  membrane  (negative  charge),  and  "4"  Is  the  cathode  (negative  olec-^^ 
trode,.  In  figure  A  we  show  no  electrical  flow;  the  switch  is  open.     In  this  situation 
J    B    r'd'r  't^^r  ^^r"""?        their  respective  compartments  rSpreseJ?eS        ?he  Jet?";. 
^Ad  In^r^H^  ^         bottom  Of  the  figure.     However  in  figure  B,  we  have  closed  the  swltci 
and  Introduced  a  current  to  the  system.     The  anode  electrode    s  positively  charRedard 

cSthodf  aSd  tiran?ons*rc?-f  """'^  '^'^^  ^^^^J  ^^^^  toward  JSe' 

each  cL;;?ti^nt  ^      ^  ™^  following  action  occurs  in 


+ 

+ 


(ci 


ANOOE 


CATHODE 


«  A  2  B  S  c  ^ 
A     NO  ELECTRIC  FLOW 


^    A      2    a     3    C  4 
B  -  ELECTRiU  KLOW 

Figiure  5-3      Three  Compartment  Cell 
5-2 


1.  Na"*"  from  compartment  A  ti^nds  to  move  toward  the  cathodt*  and  away  from  the  anode, 
but  it  cannot  pass  throunh  anion  membrane  2  Into  compartment  B,  because  like 
charges  ropol  each  other. 

2.  Na+  from  compartment  B  passes  through  cation  membrane  3  Into  compartment  C  and  is 
repelled  by  anion  membrane  2. 

3.  €1-  from  compartment  B  passes  through  anion  membrane  2  into  conpartnont  A  and  is 
repelled  hy  catiori  membrane  3. 

4-      n+  from  ionized  water  in  compartment  C  reacts  at  the  cathode  to  Rive  off  hydrogen 
gas  and  the  Na+  Ion  reacts  with  the  hydroxyl  ion  left  to  form  NaOH, 

6.      CI-  from  compartment  C  tends  to  move  toward  the  anode  and  away  from  the  cathode, 
but  it  cannot  pass  through  cation  membrane  3  into  compartment  B  and  is  thus 
retained  in  compartment  C. 

6.  Compartment  B  becomes  the  deminerallzed  water  compartment. 

7.  Chlorine  gas  is  given  off  in  compartment  A  due  to  the  oxidation  of  chloride  ion  at 
the  anode. 

8.  Hydrogen  gas  is  given  off  in  compartment  C  due  to  the  reduction  of  the  hydrogen  ion 
at  the  cathode-     The  action  will  leave  Oil"  ions  in  that  compartment. 

The  above  actions,  using  Na"*"  and  CI",  to  show  the  movement  of  the  ions  Is  not 
restricted  to  Na+  and  Cl~  but  includes  all  positive  lon;s  (cations)  such  as  sodluri, 
potassium,  calcium  or  magnesium,  and  all  negative  ions  (anions)  such  as  chloride,  sul- 
fate, or  bicarbonate.     Now  it  can  be  seen  how  the  overall  effect  has  hecn  a  demlneral- 
izatlon  of  the  central  compartment. 

If  compartments  A  or  C  become  too  concentrated  with  excessive  ions,  they  will  react 
with  the  water  to  cause  scale  or  corrosion.     They  will  also  plate  the  oloctrodos  and 
polarize  them. 

MULTICOMPAKTMENT  UNIT.     The?  electric  membrane  (Elec.  Mem.)  process  can  be  used  to 
remove  alt  types  of  ions  (both  ion  salts  and  ion  minerals)  from  water  hy  the  use  of  the 
migration  of  the  ions  through  an  ion  transfer  membrane  (in  a  direct  current  electrical 
field.)    These  tyF^es  of  ion  membranes  are  very  selective  as  to  which  ions  they  let  pass. 
Some  of  then  will  pass  only  positive  ions  and  some  of  them  will  pass  only  negative  ions. 

To  he  of  any  use,  the  capacity  of  the  unit  must  ho  enlarged.     To  do  this,  we  add 
alternating  cation  and  anion  membranes  between  the  electrodes.     This  type  of  unit  is 
shown  in  figure  5-4.     There  are  five  anion  compartments  and  six  cation  compartmen^Ls. 

The  negative  electrode  (cathode)  is  at  the  bottom  of  figure  5-4.     Due  to  its 
negative  charge,  all  cations  (positive  charges)  will  be  attracted  to  it  and  will  try 
to  move  down.  However,  only  those  cations  whose  lower  boundary  is  a  cation  membrane 
(compartment  2,  3,  5,  7,  9  and  10)  can  move  aown.     These  cations  can  move  only  one 
compartment  after  passing  through  the  cation  membrane.  Cations  cannot  pass  through 
an  anion  membrane  and  are  repelled  away  from  the  anode.     The  cations  are  not  stuck 
to  the  membrane  hut  are  trapped  in  the  compartment.    Water  forced  to  flow  through 
the  concentrate  streams  will  wash  the  cations  out  of  the  unit. 

In  a  like  manner,  the  positive  electrode  will  attract  all  of  the  anions  in  an 
upward  direction.     All  the  anions  with  anion  membranes  above  them  (comparlmnnt  3,  5, 
and  7)  will  he  able  to  move  up  one  compartment.     After  they  pass  through  the  anion 
membrane,  the  next  membrane  which  is  a  cation  membrane  will  stop  any  further  travel 
of  the  anions.  These  anions  have  no  desire  to  move  downward  due  to  the  repelling 
force  of  the  cathode.     The  concentrate  streams  will  also  remove  these  anions  at  the 
same  time  they  are  removing  the  cations. 
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ANOOe  STREAM 


COVENTRATE 
STREAMS 


DILUTE 
STREAMS 


I  


CATHOOC 
SfREAM 


NOTE  :  Ct  CATION  MEMBRANE 
A«  ANION  MEMBRANE 
(8>  COMPARTMENT 
No*  aANY  CATION 


V*^o  0^  9;iANY  ANION 


TO  WASTE 


PRODUCT 
WATER 


CONCENTRATED 
BRINE  OR  WASTE 


TO  ANODE  STREAM 


^cRq-^  or  WASTE 
H2  OAS 


CC-041 

Figure  5-4.    Uul tlcompartment  Unit 

and  wJl\*«l5°^SoBf  ***?„"?ih  °«"P"'*«'f'' *  1  the  cathode)  ,111  keep  the  anions 

ana  will  gain  cations.     In  this  way,  as  long  as  the  brine  flows  through  the  unit 

continually  gain  cation  concentration  and  IntrS  a  duJSe  brine 
solution.    This  flushing  may  also  stop  the  precipitation  of  salts  which  would  Save  a 
^?«Jr°^J°*H°**  the  cathode  Itself  and  partially  plug  the  catloS  ^bra?e  to  the 

iJfJl^tiJJ  ii«i^%*^"'K  ^«  Pl'^ce.         cathode  is  also 

Sin  charged  hydrogen  Ions  to  It.     These  hydrogen  Ions  get  an  elec- 

SSer  ?n™  °'  neutralized  hydrogeS  atoms  cintao?  ta.ll 

n^«lAi-  K     *  "olecule  of  hydTogea  gas.  precautions  should  be  taken  here  to 

prevent  fire  hazards  due  to  the  burning  properties  of  hydrogen  gas. 

Hydrogen,  when  vented,  leaves  behind  It  a  hydroxide  (OH")  Ion.     It  Is  this  Ion 
which  may  control  the  rate  or  the  frequency  at  which  we  iust  fluSb  out  tL 
ment.    As  magnesium  and/or  iron  are  positively  charged  ions,  they  irtll  be  a??SSed 
io«?ff,2i^''*^r^^    t^'l^  hydroxide  (OH")  ion.     Once  contact  is  mide  be?*een  tSese 
positively  and  negatively  charged  Ions,  due  to  the  low  solubility  of  the  reSltl^ 
compound,  a  precipitate  Is  formed,  as  shown  below.  resulting 


Fe+++ 


+  2(0H)- 
+  3(0Ji)- 


->  llg(0H)2 


.>  Fe(0H)3 
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Compon(?nt  of  Unit 

If  you  know  the  purpose  and  function  of  each  component  of  a  system,  It  then  beeom;»s 
easier  to  understand  the  operation  of  the  system  as  whole.  The  operation  of  the  system 
is  to  be  considered,  hut  fir«t  we  will  Identify  and  discuss  the  function  of  its?  various 
components* 

The  E.D.  unit  is  designed  to  produce  500  gallons  of  product  water  with  a  maximum  of 
500  ppm  total  dissolved  solids  (TDS),  and  600  gallons  of  waste  water.     It  is  designed  to 
operate  with  a  feed-water  supply  pressure  of  45  psl  minimum  i;nd  65  psi  naxinum,  and  a 
product  flush  water  pressure  of  15  psi  minimum  and  65  psl  maximum,  and  with  a 
temperature  ot  50*F« 

Its  electrical  characteristic  is  110  volts,  single  phase,  60  Hertz  with  a  total 
connected  load  of  750  V.A. 

MECHANICAL  COMPONENTS,     The  following  Items  are  the  E,  D,  system  mechanical  compon- 
ents and  their  functions,     (See  foldout  1  for  location  of  components  in  the  unit,) 

1.  Hand  ofierated  Plug  Valve  (PV-1)  in  the  raw  feedwater  supply  and  product  flush  water 
lines.  When  open,  they  hydraulically  connect  the  E.  D,  system  to  the  raw  feedwater 
supply  and  product  flush  water* 

2*      Cartridge  Filter  (CF-1)  removes  suspended  material  from  the  raw  water. 

3*  Cartridge  Filter  (CF-2)  removes  chlorine,  if  present,  from  water  prior  to  it  enter- 
ing the  membrane  stack* 

4*      Pressure  Gauges  (PG-1,  PG-2,  and  PG-3)  show  the  pressure  across  the  filters* 

5*  Solenoid  Valve  (SOV-1)  start  and  stop  raw  feedwater  supply  to  the  unit  during  auto- 
matic opers.tion* 

C.      Solenoid  Valve  (SOV-2)  opens  for  a  preset  period  of  time  when  the  unit  stops 

producing  water*     (It  is  automatically  controlled  by  the  water  level  in  the  storage 
tank*)    The  purpose  is  to  flush  and  purge  the  system  of  high  concentrations  and 
goes  before  a  prolonged  shutdown* 

7.      Pressure  Reducing  Valve  (PRV-1)  maintains  preset  pressure  at  the  membrane  stack  to 
compensate  for  fluctations  in  line  pressure  and  pressure  drop  across  the  filters* 

8*      Pressure  Gage  (PG-4)  shows  stack  inlet  pressure* 

9*      Membrane  stack  (S-1)  for  water    ?sali nizati n * 

10*    Solenoid  Valves  (SOV-3  and  SOV-4)  switch  product  and  waste  water  streams  with  the 

polarity  reversal  of  the  membrane  stack. 

11*     Product  water  rotameter  (Fl-1)  shows  desalted  water  flow  rate  in  gpm. 

12*    Waste  holdup  tank  (T-1)  collects  waste  flow  from  the  three  electrode  flush  lines 
before  discharging  to  the  waste  drain* 

13*     Sampling  Point  Valve  (PV-2)  is  used  to  control  the  waste  drained  from  the  waste 
holdup  tank* 

14.  Ball  Valve  (BV-2)  is  used  to  control  the  waste  drained  from  the  waste  holdup  tank. 

15.  Check  Valves  (CV-2)  in  the  product  flush  line  stops  backflow  of  raw  water  into  tlie 
product  flush  line* 

16.  Clieck  figures  5-5  and  5-6  for  an  actual  view  of  the  components  of  the  demincral- 
izing  unit* 
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NEMBHANE  STACK  LIFTING 
HANDLES 

2.  PVC  END  BLOCK 

3.  STEEL  END  PLATE 

4.  MEMBRANES 

5.  HYDRAULIC  CONNECTION 

6.  MEMBRANE  STACK 
COttPRESSON  TIE  ROD 


7.  SOLENOID  VALVES  S0V2 
AND  S0V3 

d.  RECTinCR  AMMETER 
9.   MULTI-CONTACT  POWER 

CONNECTOR  AND  CABLE 
ID.  PRESSURE  SWITCH  PSIA 
11.   HYDRAULIC  TUBING 


Figure  5-5.  Interlor-Electrodlalysls 
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t    RECTIFIER  CONTROL  PANCL 

2  POWER  ON  OFf  SWITCH 

3  RECTIFIER  FUSE 

4  RECTIFIEK  ON  LAMP 

5  POWER  SUPPLY  RESET  PUSHBUTTON 

6  POWEK  ON  LAMP 

7  OPERATING  HOUR  MLTCH 

8  RECTIFICK  AMMETER 

9  DEMINtkALI?ER  CABINEl 

10    FEEDWATEH  PRESSURt  INDICATOR  Pit 

'filter  rr\) 


11  INTER-FILTER  (CFI  AND  CF2)  PRESSURE  P\2 

12  AFTER-FILTER  fCF2)  PRESSURE  INDICATOR  PI  3 

13  EFFLUENT  FLOW  METER 

14  FILTER  CLI  HEAD  ASSEMBLY 

15  FILTER  CFI  HOUSING 

16  FILTER  CF2  HEAD  ASSEMBLY 

17  FILTEP  CF2  HOUSING 

18  PRESSURE  REGULATING  VALVL  PCVI 
PRESSURE  INDICATOR  P14   (INSIDE  CABfNLT) 


Figure  5-6.    Demlneralizlng  l/iiit 
5-7 


587 


ELECTRICAL  COMPONENTS.  The  followinf?  are  the  electrical  compononts  and  their  func- 
tions for  the  E.  D.  system.  See  foldout  2  (at  the  end  of  this  study  Kuido)  for  location 
of  components  in  the  system  *wru«i,iun 

1. 


Power  Supply.     AC  input  provides  electrical  power  for  control  of  system  operation 
DC  output  provides  power  to  the  membrane  stack. 

2.  On-Off  Switch  (SI).     This  switch,  when  oi;,  supplies  AC  power  to  the  systom—the 
"power  on"  light  will  be  lit.  ^ 

3.  Automatic  remote  control  switch  (a  flat  switch  in  tho  product  storago  tank)  starts 
and  stops  the  unit  (timer  motor). 

4.  Timer  motor  (TMl)  controls  the  auomatic  operation  of  tho  unit.     Tho  timer  onerates 
the  following  contacts:     TMl-1,  TMl-2,  TMl-3.  TMl-4 ,  TMl-5,  TMl-6  and  TMl-7. 

5.  TMl-1  is  actuated  for  approximately  ten  seconds  every  fifteen  minutes  to  energize 
the  rectifier  (DC  output)  and  open  SOV-1. 

6.  Pressure  Switch  (PS-1).     If  feedwater  pressure  is  available  (4ri  psi  mJn),  PS-1  will 
close  and  bypass  TMl-1  for  as  long  as  feed  pressure  is  up.     The  PS-l  switch  will 
energize  relay  coil  K3,  Timer  Motor  (TM2)  and  the  rectifier  indicating  light.  It 
will  also  supply  power  to  one  side  of  TMl  contacts;  TMl-3,  TMl -4  and  TMJ-5;  and  to 
the  alarm  system. 


7. 
8, 


12 
13 


TMl-4  and  TMl-5  contacts  operate  every  fifteen  ml nutes-.-ono  opened  and  the  other 
closed — thereby  changing  the  position  of  SOV-3  and  SOV-4. 

TMl-3  contact  operates  (at  the  c-ame  time  TMl-4  and  TMl-5)  to  open  for  fifteen  min- 
utes and  close  for  fifteen  minti^v.^,  thereby  energizing  and  deenergizing  relay  coll 

9.  Relay  Kl  is  operated  to  reverse  the  polarity  of  the  DC  power  applied  to  the 
riembrane  stack. 

10.  Timer  Motor  (TM2)  operates,  when  PS-l  is  closed,  to  recori  operation  time. 

11.  Relay  coll  K3  is  energized  when  PS-1  is  closed  to  start  the  post  chlorinator. 
Ammeter  (MRl)  shows  the  total  current  drawn  by  the  rectifier  and  sounds  an  alarm 


when  amperage  drops, 

Relay  K2  Is  enerplzed  through  TMl-2  when  the  float  switch  stops  tho  unit  oponitlon 
(high  level  In  storage  tank).     K2  contacts  energize  SOV-2  throi  Rh  TMl-fi  and  start 
motor  TMl.    At  this  time,  the  unit  will  flush  with  product  water  for  approxJ matnly 
three  minutes,     TMl  will  continue  to  operate  until  TMl-2  opens,  thereby  dooner- 
glzlng  relay  2  and  stopping  TMl. 

14.    The  unit  will  be  ready  to  restart  on  subsequent  call  for  product  water  when  tho 
water  level  In  storage  tank  falls. 

Operation 

r«-  tlZ^ltlJ.^^  ^  D.  unit  ready  for  automatic  operation,  open  the  plug  valves  on  the 
raw  feedwater  and  product  flush  water  lines.    Connect  the  unit  to  a  110  volt  outlet  and 
pn^om-ti^ri^v*'!^"^  °"          console  In  the  ON  position.     The  unit  will  now  operate 
automatically  in  response  to  a  signal  from  the  level  controller  In  the  product  water 
storage  tank.   It  will  keep  the  level  of  water  in  the  storage  tank  batween  3G  and  52 
1 nches • 

The  water  level  controller  (float  switch)  in  the  storage  tank  will  close  when  the 
?^^Mi^^io?o^**^^?  36  inches.     Closing  of  the  float  switch  actuates  the  timer  motor. 
The  timer  motor  will  actuace  the  rectifier  and  supply  solenoid  valve.    However,  if  the 
timer  w&e  between  cycles  at  the  time  of  the  unit's  previous  shutdown,  tho  rectifier  and 
so  eno3d  valve  will  not  be  energized.    The  time  lapse  before  the  rectifier  and  .s;"nol 3 
\:»lv<'  will  111'  «Mi«'r,:l:M>il  cnn  ho  up  to  Ifi  minutes. 
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At  the  end  of  the  elapsed  time,  the  timer  motor  will  energize  the  rectifier  and 
solenoid  valve  for  approximately  12  seconds  every  15  minutes.    This  sequence  will 
continue  until  adequate  feedwater  pressure  is  available  to  close  the  pressure  switch. 
When  the  feedwater  pressure  is  adequate,  the  rectifier  and  solenoid  valve  will  stay 
energized  by  power  from  the  pressure  switch;  thereby  enabling  the  unit  to  produce 
demineralized  water  until  the  water  level  in  the  storage  tank  reaches  a  high  level 
of  51  inches.    The  float  switch  opens  at  this  high  level  to  deenergize  the  unit  and 
return  it  to  standby  condition  until  there  is  a  call  for  more  demineralized  water. 

During  normal  operation,  the  raw  water  supply,  containing  dissolved  minerals, 
flows  through  filters  to  remove  suspended  matter  and  chlorine  from  the  water  prior 
to  entering  the  membrane  stack.    The  pressure  regulating  vlave  keeps  the  influent 
water  pressure  at  the  membrane  stack.    The  water  is  channeled  through  the  membrane 
stack  in  two  parallel  streams.    The  stream  losing  ions  (impurities)  is  the  product 
stream,  and  the  stream  gaining  ions  (impurities)  is  the  waste  stream. 

At  the  anode  electrode,  a  reaction  takes  place  to  produce  chlorine  gas  and  at 
the  cathode,  hydrogen  is  produced.    The  waste  water  stream  is  always  routed  through 
the  electrical  compartments  for  flushing,  to  keep  scale  from  forming. 

The  polarity  of  the  membrane  stack  is  reversed  every  15  minutes,  and  at  the  same 
time,  the  solenoid  valves  change  position  to  change  the  direction  of  the  effluent 
waters.  During  the  reversal  sequence,  there  is  time  delay  in  switching  from  the  waste 
water  line  to  product  water  line.    This  prevents  a  "slug"  of  high  TDS  water  from 
reaching  the  effluent  storage  tank.    The  quantity  of  product  and  waste  water  is 
approximately  equal. 

The  E.D.  unit  io  equipped  with  an  alarm  circuit.  Whenever  the  E.D.  unit  opei^ating 
amperage  drops  too  low,  the  alarm  circuit  will  energize. 

While  the  E.D.  unit  is  in  service, raw  water  samples  are  collected  daily  and  tested 
for  iron  and  chlorine.    Pi-oduct  water  is  tested  for  TDS  and  chlorine. 


Design  Specification 

Production: 
Waste : 

Product  Quality: 

Maximum  TDS  Removal: 

Maximum  Feed  Water  Temperature: 

Feed  Water  Temperature: 

Stack  Inlet  Pressure: 


500  GPD 
600  GPD 

500  PPM  TDS  Maximum 
Up  to  6,000  TDS 
100*  F 

50*  F 

45  PS  I 


Instructions 

Using  the  instructions  below,  operate  the  electrodialysis  demineralization  unit. 

SAFETY  PRECAUTIONS 

1.  Initially,  and  each  time  the  unit  is  moved  or  dismantled,  check  the  ground 
connections  before  turning  on  DC  power.  The  skid  frame  should  be  grounded 
to  the  building  grounds 

2.  Do  not  touch  wet  stack  sides  or  electrode  tabs  when  the  DC  power  is  on. 

3.  Always  wear  rubber  gloves  when  voltage  probing  the  membrane  stack. 

4.  Never  apply  DC  voltage  to  the  membrane  stack  when  there  is  no  water  flow  through 
the  stack. 
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s%^ffra?„j?,o^^rto^^°^^^r^^!o^rL^^^  ^ri^!-^^. 

whon  this  happons.     If  the  feedwater  temperature  RISrs  more  thHriO-F  J^o 
voltapo  should  be  lowered  until  the  DC  amperage  returns  °rnormal     NLhs  vo.?  h.„„ 
received  specific  Instructions  from  Ionics  to  the  contrary.  ^  '""^'^ 

7.  Never  allow  oil,  organic  solutions,  solvents,  determents,  sewace    nitric  b^ih 

s;a\':Js°';n?e^'s"drJ:c°;L\1''''*?^  r"^''  *°  -nta^t^Srrihr/m^ihr:  ;  ^nd 

onerp^L^n    %    H  an  lonlcs  Representative.     Membranes  can  be  DAMAOm  1  f 

operated  on  a  feedwater  containing  even  0.1  ppm  free  chlorine.  ''AMACi.n  if 

8.  ALWAYS  keep  membranes  wet. 

^*      po^crTfon""  '"^  "  m-mbrane  stack  when  the  nc 

10.    Feedwater  containing  Calgon  or  other  hexametaphosphates  wl  IJ  cause  hl^-h  mnn,hr»„ 
stack  resistance.     AvHTd-^^eratlon  when  these  are  present.  ^  memhran,. 

DESCRIPTION  OF  UNIT 

Specific  components  of  this  Aquamlte  unit  are  described  In  the  following  pages. 
The  system  consists  of  the  following  components: 


1.  S-1 


Membrane  Stack  for  water  desalination. 


2.  POWER  SUPPLY      «-Jj;;«[^Portlon  provides  DC  power  to  the  membrane  stack.  Control 

port 1  on  1 nc ludcs  provl si  ons  f or : 

bJ^oJhers)?'^  stopping  the  unit  by  an  external  signal  (supplied 
op:Jatl"Sg!'''(SJ?ffi,^  """^  chlorlnator  whenever  the  unit  is 

3.  CF-1,  CF-2         Cartridge  filters  remove  foreign  material  (CF-1 )  and  chlorine  (CF-2) 

ir  present  from  water  prior  to  memhrano  stack. 

^*     PG-3'  Pressure  gauges  Indicate  pressure  drop  across  the  filters. 

®*  Pressure  gauge  -  indicates  stack  Inlet  pressure. 
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6.  PRV-1  Pressure  Reducing  Valve  maintains  set  pressures  at  membrane  stack  to 

compensate  lor  fluctuations  in  line  pressure  and  pressure  drop  across 
fil ters, 

7.  SOV-1  Solenoid  valve  shuts  off  uater  supply  to  unit  when  unit  stops  automati- 

cally (storage  full)  or  manually. 

8.  PS-1  Pressure  switch  de-energlzes  rectifier,  closes  SOV-1,  and  shuts  down 

unit  on  low  feed  water  pressure. 

9.  SOV-2  Solenoid  Valve  -  opens  fresh  water  supply  to  unit  for  a  preset  period 

of  time  whenever  unit  stops  automatically  (high  storage).     The  purpose 
is  to  flusi    and  purge  the  system  of  high  concentration  and  gases  before 
a  proloDgea  shutdown. 

10.  SOV-3,  Solenoid  valves  for  stream  switching  in  sympathy  with  polarity 
SOV-4            reversal  • 

11.  PL-1  Product  water  rotameter  indicates  desalted  water  flow  rate  in  GPM. 

12.  T~l  Waste  hold-up  tank  which  collects  waste  flows  from  the  three  electrode 

flush  lines  before  discharging  them  to  waste. 

OPERATION  OF  THE  E.D.  UNIT 

Operating  Procedures 

Use  the  instructions  below  to  operate  the  E.D.  unit. 
Preoperational  Procedures 
1«      Observe  safety  precautions. 

2.  Inspect  the  unit  for  any  signs  of  damage  or  unsafe  conditions. 

3.  Check  to  see  that  the  unit  is  connected  to  a  110-volt  outlet  and 
the  switch  on  the  console  is  in  the  OFF  position. 

0{)erational  Procedures 

NOTE:     Observe  safety  precautions  and  follow  the  instructions  below: 

1.  Open  the  1/2'*  plug  valves  on  the  raw  and  product  flush  line.    This  hydraul  ically 
connects  the  !?D  unit  to  the  raw  water  supply  and  to  the  product  flush  line. 

2.  Turn  both  switches  on  the  console  to  the  ON  position.     This  supplies  the  power  to 
the  unit.     The  power  on  light  will  be  lit.     Allow  15  minutes  for  the  unit  to  start 
producing  water. 

3«      Fill  out  the  attached  log  sheet  during  this  performance. 

4.  If  the  start  contact  of  the  product  tank  level  control  (supplied  by  customer) 
indicates  a  call  for  water,  timer  TMl  will   start  running.     This  timer  will  actuate 
TMl-1  contact  for  approxiamtely  10  seconds  every  15  minutes.     Actuation  of  TM1~1 
would  energize  Feed  SOV-1  to  open.     If  feed  pressure  is  available  (45  PSI  minimum) 
PS-1  contact  will  close  and  therefore  by-pass  TMl-1  contact  for  as  long  as  feed 
pressure  is  substained.    Actuation  of  either  TM1~1  or  PS~1  would  also  energize  the 
rectifier  and  its  red  light  would  come  on  indicating  the  unit  is  producing  fresh 
water . 

5.  The  ammeter  on  the  top  console  will  indicate  the  total  current  drawn  by  the 
rectifier.     The  Ionics  Field  Engineer  will  establish  the  proper  operating  con- 
ditions based  on  water  composition,  water  temperature,  unit  output,  and  product 
water  quality  desired.    These  conditions  should  not  be  altered  without  prior 
communication  with  Ionics,  Incorporated. 
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tlonr''"Thf  ?r«nfor™o/f^**f^  Is  adjusted  by  chanRlnR  tho  transformor  tap  posi- 

VOLTAGE  WHEN  POWFR  IS  ON  TO  THE  UNIT.  AiTfcHi i  TO  CMANGF  THK 

Rvory  15  minutes  the  time  TMl-3  revers,=3  the  polarity  of  the  nc  powr^r  applied  to 
Ttlry  ^?^;  T!;  '"f'""'         3-way  solenoid  valve«  (SOV-G?  Jol-^rillhr 

?£o  LVLr  ?    "^"'"'^  hydraullcally  reverses  the  stack  connections  In  sympativ  with 

has  been  factory  adjusted  to  allow  a  delay  of  forty-flvc  seconH.;  n„f  L  , 
varyln,  feed  water  pressure,  minor  adjust^nts  L^'^e' nec:ssrr^:.pol!^'As^anari on' 

On  a  high  product  level  slRnal,  control  Is  transferred  from  TRl-13  to  TRl-i  ' 
de-enerRlz  ng  the  rectifier  and  SOV-1.  therefore  shutting  off  tho  raw  Zto/ 
kS-?  c^ntairi  '?H°"f' '  P  energizes  since  TMl-2  contact  J^uld  br^'Lod. 

for  arSinrarTi^G'^fsewf  f  h5  T^?  7'!'  "P^"  '"'"'^-^  flush  n,^os 

1a4,    f  i  r    o    J"^^  *s  (adjustable  from  1-5  minutes).     TMl-6  Is  faetopv 

nJelressCre  S";rPsf 'ImI^  ij  if ^J^'^^^^^  ^o.lTnLu 

fr.J.Z  ^'^'^^"•"^e  Of  15  Fbl.     TMl  will  continue  to  operate  until  TM-2  onons  thnr..- 

fore  de-energlzlng  Relay  K2  and  stopping  TMl.  The  unit  will  ho  ready  to  Restart 
on  a  subsequent  call  for  water  when  the  product  level  falls.  restart 

Take  a  TDS  of  both  the  raw  and  product  water. 

No  further  attention  Is  required  except  for  routine  maintenance. 
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LOG  SHEET  FOR  E.D.  OPERATION 


!  DaTK/TImE 

i 

II 
1 

1 

i 

rttUWATLR 

1 

TEMP  T 

i  

t 

PRODUCT  I  OxN  FLOW  RATE 

CURHE.^T  (AMPERES) 

■ 

PRESSURES 

BEFORE  FILTERS 

i 

IPTER  fiLTfeRS 

r 

STACK  PROBE  RESULTS 

HOURS  OPERATION 

SINCfi  LAST  LOG 

REMARKS :  Votages 

TDS  Reading 

Raw 

Product 
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EXERCISE  III-5a 
PART  1 

INSTRUCTIONS 

Complete  the  following  questions.     Consult  the  instructor  if  you  have  any  questions. 
a''S?J"Ji?eJt1aK'^^  "  "^^^ ""^'^^^^   

2.  The  production  capacity  of  the  E.D.  unit  is  gal  /day. 

3.  The  cations  will   flow  toward  the  ,  and  anion  will   flow  toward  the 


4.  The  unit  will  waste   gal /day. 

5.  Maxiinuin  feed  water  temperature  is  "p. 

°*      IwoFlFi:   turbidity  and  the  f n  ter  removes 


7.      The  stream  of  deionized  water  is  called 


water , 


reve?siaT  minutes  the  polarity  of  the  power  applied  to  the  stack  i, 

9.  A  cation  membrane  will  only  permit  to  pass  through. 

10.  An  anion  membrane  will  only  permit  to  pass  through. 
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Figure  5-7 
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PART  2 


INSTRUCTIONS 


1.  In  figure  5-7,  using  »  pencil,  draw  a  line  shoving  the  direction  each  ion  will  be 
moved  by  the  charges  on  the  anode  and  cathode. 

2.  If  the  ion  paEses  through  the  membrane,  draw  the  line  across  the  membrane, 

3.  Where  the  membrane  stops  the  ion,  draw  a  small  circle  at  the  end  of  the  line, 

4.  Pill  in  the  blanks  at  the  bottom  of  figure  5-7,  identifying  the  streams  as  follows 

D       -  Dilute  stream 
C       -  Concentrate  stream 
Cath  -  Cathode  stream 
An     -  Anode  stream 

6.    Show  the  pH  change  and  tl^j  gas  formed  in  the  electrode  streatus,  at  the  upper  left 
and  right  portions  of  the  diagram . 


PART  3 

APPLICATION  PRINCIPLES  OF  OPERATION  AND  COMPONENTS  OF  ELECTRODIALYSIS  UNIT 

PART  4 

INSTRUCTIONS:  totch  the  terms  in  Column  B  with  statements  in  Column  A.  Terms  may  be 
used  once,  more  than  once,  or  not  at  all. 


COLUMN  A.  STATEMENTS 

1«  Demineral izes  water 

2.  Maximum  product  water  quality 

3.  Maximum  TDS  removal 

4.  Length  of  each  cycle 

5.  Wastewater  gallons  per  day 

6.  Used  at  missile  sites 

7.  Removes  chlorine 

8.  DC  current  must  pass  through  this 
component 

9.  Minimum  pressure  across  stack 

10.  Maximum  amount  product  water 

11.  f^mber  cycles 

12.  Selective  to  certain  ions 

13.  Maximum  temperature  unit  will  take 
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COLUMN  B.  TERMS 

a.  E.D.  Unit 

b.  3 

Co  Membrane 

d*  2  minutes 

e.  600  gal 

f.  45  psi 

g.  100 *C 

h.  6000  ppm 

i.  500  gal 
J.  600  ppm 

k«  15  minutes 

1.  lOO^F 

m.  Cartridge  filter  2 

n.  2 

o.  Cartridge  filter  I 

p.  Stack 

q*  500  ppm 
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INFORMATION 


MAINTENANCE  OF  ELECTRODIALYSIS  DEMINEHAMZER 

The  electrodialysis  unit  is  used  at  some  SAC  Minute  Man  II  and  III  missile  sites, 
to  produce  potable  water  for  the  missile  maintenance,  security,  and  capsule  crews. 
When  working  on  these  units  you  should  use  the  manufacturer's  manual  for  the  proper 
maintenance. 

TROUBLESHOOTING  AND  MAINTENANCE 

Maintenance 

The  only  routine  maintenance  required  is  to  change  the  filters  when  their  respective 
pressure  drops  reach  10  psi. 

Stack  disassembly  for  inspection  would  be  required  when  high  voltage  probe  indicates 
salt  deposit  and  when  excessive  pressure  drop  indicates  slime  deposit.     If  slime  or 
deposits  are  noted,  clean  membrane  with  a  cloth  or  soft  bristle  brush  and  reassemble. 

1.  High  Probe  (check  for  salt  deposits) 

2.  Excessive  IVessure  Drops  (check  for  slime  deposits) 
Tr oubl eshootiag 

If  the  E.D.  unit  does  not  function  properly,  the  reason  could  be  something  as  simple 
as  a  loose  wire  or  plugged  filter  or  it  could  be  more  serious  as  a  membrane  stack 
probl em. 

The  following  troubleshooting  list  should  be  followed  and  new  items  should  be  added 
as  they  are  discovered. 

1.  For  any  trouble,  take  a  complete  set  of  reading  from  the  operating  log  sheet 
and  checl"  those  items  which  are  not  normal. 

2.  If  the  product  salinity  is  high  by  taste  and  analysis  and  the  DC  amperage  is 
normal  or  higher  than  normal,  follow  the  following  procedures. 

a.  Check  the  flow  rate  on  the  product  stream  rotameter  for  higher  than  normal 
rate  of  flow. 

b.  If  the  rate  of  flow  is  normal,  analyze  the  feedwater  for  higher  than  usual 
salinity. 

c.  If  feedwater  salinity  is  higher  than  usual,  disassemble  the  stack  and  look 
for  ruptured  membrane. 

3.  If  the  product  salinity  is  high  and  the  DC  amperage  is  below  normal: 

a.  Ci;<^ck  for  low  feedwater  temperature* 

b.  If  temperature  is  normal,  probe  the  stack. 

4.  If  product  flow  is  lower  than  normal: 

a.  Check  for  plugged  valves  and  filters* 

b.  Check  for  sliming,  scaling  and  proper  alignment  of  the  stack* 
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Following  the  Instructions  below,  perform  the  necessary  test: 
Test  for  Salinity  (TDS) 

1.  Fill  container  1/2  full  of  sample  of  product  water. 

2.  Select  low  range  probe. 

3.  Rinse  the  probe  in  cylinder  of  sample. 

4.  Plug  in  meter  and  turn  switch  to  "ON**  position. 

5.  Check  temperature  of  sample. 

6.  Set  teii9>erature  control  on  meter  to  temperature  obtained  in  Step  5. 

7.  Jiggle  the  probes  in  sample  until  all  of  the  air  bubbles  escape  through  the  vent 
holes.  Keep  probes  submerged  below  vent  hole  level. 

8.  Turn  the  conductivity  scale  knob  until  the  dark  area  of  the  eye  or  null  indicator 
is  at  its  widest  size. 

9»      Head  the  meter  and  record  the  microhms  specific  conductivity  of  sample. 

10.  Turn  switch  to  '•OFF*  position  and  unplug  the  meter. 

11.  Rinse  the  probes  in  distilled  water  and  store. 

12.  Use  the  conversion  chart  furnished  with  the  meter  to  convert  specific  conductance 
to  ppm  NaQ  equivalent-  (The  E.  D.  should  be  producing  water  with  a  maximum  of  500 
ppm  IDS.) 


ppm  IDS.) 

THE  MEMBRANE  STACK 

DESCRIPTION 


The  membrane  "stack"  is  so  called  because  it  is  composed  of  a  large  number  of 
stacked  pieces,  like  a  deck  of  cards.    Half  of  these  pieces  are  spaces  and  half  are 
membranes,  and  the  spaces  and  meinbranes  alternate  from  the  bottom  to  the  top  of  the 
stack.    In  other  words,  if  one  examines  any  portion  of  the  stack,  he  finds  a 
membrane  above  and  below  every  spacer  (except  at  the  electrodes)  and  a  spacer  above 
and  below  every  membrane.    Two  membranes  or  two  ^ac^re  should  never  occur 
together. 

The  Aquamite  membrane  stack  contains  six  hydraulic  stages  internally  connected 
in  series  and  with  a  total  of  100  cell  pairs.    A  cell  pair  is  composed  of  one  anion 
membrane,  one  cation  membrane  and  two  intermembrane  spacers  is  a  complete,  basic 
demineralizing  element.    Metal  electrodes  which  apply  the  direct  current  electric 
power  required  for  demineral  ization  are  placed  la  the  center  and  at  the  ends  of  the 
stack.    The  arrangement  is  such  that  these  hydraulic  stages  occur  within  each 
electric  stage. 

A.  The  Membranes 

The  two  types  of  membranes  used  are  called  anion  membranes  and  caticn  membranes. 
They  look  like  woven  cloth  that  has  been  plastic  coated.    Bach  membrane  is  identi- 
fied by  printing  near  one  edge.    Anion  membranes  are  labelled  "Anion"  in  red  ink, 
whereas  cation  membranes  are  labelled  "Cation"  in  green  ink.    In  general,  the  color 
of  the  anion  membrane  itself  is  amber  and  the  color  of  the  cation  membrane  is  pale 
green.    Note  that  each  membrane  has  holes  which  are  called  manifold  holes.  When 
the  stack  components  are  aligned  and  compressed  between  the  steel  end  plates,  the 
manifold  holes  form  the  flow  channels  for  the  dilute  and  concentrate  streams. 

B.  Spacers 

The  intermembrane  spacers  are  molded  plastic  sheets  which  also  contain  manifold 
holes.  Only  two  of  these  are  connected  to  the  serpentine  flow  path  in  the  spacer. 
Bach  spacer  is  identical  but  differs  in  its  orientation  in  the  stack.  The  spacers 
in  every  other  ceU  pair  are  connected  to  the  iBame  manifold  holes.  Careful  atten- 
tion to  this  point  is  essential  for  proper  stack  operation.  The  techniques  ot 
stack  assembly  and  disassembly  are  fully  dscribed  in  the  following  sections. 
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C.    stack  Specilicatins 


Number  of  cell  pairs: 


Stage  1 

20 

Stage  2 

17 

Stage  3 

13 

Stage  4 

20 

Stage  5 

17 

Stage  6 

13 

ERIC 


Number  and  type  of  anion  membranes:     ICO  lllBZL-183 

Number  and  type  of  cation  membranes  (4  oz):     94  61AZL-183 

Number  and  type  of  heavy  cation  membranes:     8  61AZL-0G5 

^  Number  and  type  of  spacers:    200  molded  9**  x  10'* 

Number  of  special  electrode  spacers:  4 

laectrodes:     4  expanded,  platinized 
Col  umb  ium 

During  troubleshooting  it  is  sometimes  necessary  to  probe  the  membrane  stack. 
Use  the  following  directions  to  probe  the  Electrodialysis  bait  stack. 

INSTRUCTIONS 

Following  the  instructions  below,  perform  the  necessary  maintenance. 
Electro-Membrane  Stack  Probing 
1*  Precautions 

a.     Because  the  probing  operation  must  be  done  while  the  stack  is  electrically 
hot,  the  following  precautions  should  be  observed: 

(1)  Always  wear  rubber  gloves. 

(2)  Never  touch  the  side  of  the  stack  directly. 
2.  Procedure 

a.  If  the  stack  side  is  not  completely  wet,  loosen  the  compression  nuts  slightly 
to  increase  the  leak  rate. 

b.  If  the  side  of  the  stack  is  very  dry  and  encrusted  with  salt,  wet  down 
only  when  the  DC  power  to  the  stack  is  off. 

c.  Turn  DC  power  on. 

d.  Locate  the  triplet  voltmeter  and  set  the  selection  dial  at  a  DC  voJ  t  range 
higher  than  the  voltage  on  the  stack. 

e.  With  the  probes  spread  apart  a  slight  distance,  press  them  firmly  again&t  the 
side  of  the  stack.     If  the  reading  is  in  the  proper  direction,  the  polarity  is 
correct,  if  the  reading  is  in  the  wrong  direction,  off  scale,  simply  reverse 
the  leads.    This  will  give  the  proper  polarity  position. 

f.  With  the  probe  leads  in  the  proper  position  across  the  first  and  third  stage 
electrodes,  read  the  DC  voltage.     This  should  he  approximately  the  same  as  the 
rectifier  DC  output  voltage. 

g.  Next,  turn  the  selector  dial  to  the  0-50  range  and  measure  the  voltage  across 
the  individual  electrodes.     This  can  be  done  by  placing  one  probe  on  the  elec- 
trode and  the  other  probe  slightly  below  the  electrode.    This  reading  should  be 
in  the  1-^  volt  range.    Anything  abnormally  higher  than  this  would  indicate  a 

^  faulty  electrode.  599 
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S'K"o5"^  'or  the  fourth,  tlftb.  ,„d  sixth  ,t„es  .nd  .ssocuted 


NOTE: 


Because  of  the  different  flow  characteristics  of{  each  stage  the 

?iol  t«^n!/f■*H^  'HI:  different  vol  tiaJidients 

ih^t  fhf     w*'*'^-  ''^^isi^e  criterion  of  malfunctlo^  would  be 

that  the  voltage  gradient  at  a  point  of  any  stage  being  different 
at  some  other  point  of  the  sjuno  stage  by  mOTl  SL  2-5  volts 


INSTRUCTIONS 


Using  the  following  directions,  disassemble  and  reasaeoble  the  membrane  stack. 
Electro-Membrane  dieassembly/reasstoobly 
DISASSEMBLY  PROCEDURE 


1. 


3. 
4. 

5. 


i^M^'l'^.l"?.''""  '»  •  convenient 

Remove  the  top  steel  end  plate  and  the  top  PVC  end  block. 

l!S'M5^i^Hi"!K*''*  membrane  and  space  disassembly,  the  operator  should 

IJSriils?         thoroughly  to  prevent  any  bacterial  contamination  of  the 

piSir'SLSi'ng^o^Th^'Sip^SSe"^"'""^^  °"  ""^  ^"  - 

"Dlirs-^^fh!/?"  tho'o"«h  inspection,  the  stack  should  be  disassembled  in 
pairs  ,  that  is,  one  spacer  and  one  membrane  together.  e  oiea 

sLf^^hHSi^ic^^  °'  investigating  a  localized  trouble 

spot,  the  atack  can  be  removed  in  sections. 

REASSEMBLY  PROCEDURE 

prec^:?lr.^=srh^!:L°f5re°o^n%r^^%'LTr!.^,'d^^^!'"-"' 

1.    Always  alternate  anion  and  cation  membranes. 

^*    nsSJeThJt^JhfJ'^.'^i^ST*  °'  components  during  assembly  to 

"l"s?riS5t":d"?r1e?''  ^""^  ^^'••^  °'  «tack 

3.    Do  not  allow  foreign  material  to  enter  the  stack. 

Be  careful        alternate  the  spaces  bo  that  every  other  spacer  is  connected  to 

^e^riSoM'sifeS?'"-  ^  ««5f=-^»-rh.'c%;°e"croJlo"h. 

Replace  stack  in  contai&er. 


4. 
6. 
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SUMMARY 


Being  able  to  provide  a  good  supply  of  pure  fresh  water  is  fast  becoming  one  of 
mankind's  major  problems.     As  more  and  more  people  are  being  born,  the  demand  for 
water  increases  about  three  times  as  fast.     There  is  a  lot  of  salty  or  brackish  water 
available  in  different  parts  of  the  world »  but  making  it  fit  for  domestic  use  is  a 
big  problem. 

There  are  several  ways  of  making  good  water  out  of  bad.     Most  of  these  ways  are 
too  expensive  to  be  used.     One  way  that  is  both  effective  and  economical  is  to  use  the 
permeable  membrane  deionizer.    This  system  makes  good  water  out  of  bad  by  forcing  the 
bad  ions  through  a  membrane  and  leaving  the  good  water  behind.     The  source  of  power 
used  to  force  the  bad  ions  through  the  membrane  is  DC  potential,  which  is  usually 
obtained  from  a  rectifier.     In  this  type  of  unit,  there  is  no  direct  chemical  reaction 
and  no  need  for  regeneration  as  required  by  some  other  units. 

The  smaller  the  number  of  moving  parts,  the  less  maintenance  is  required  on  a 
unit.    Various  pumps  are  required  with  this  type  of  unit,  the  number  depending  upon 
the  specific  design  of  the  installation.    These  pumps  are  utilized  to  maintain  water 
flow  through  the  "stack"  as  required.    Other  pumps  are  required  to  pump  chemicals 
into  the  water  at  different  locations  provide  efficient  operation  of  the  unit.  It 
must  be  remembered  that  a  stack  has  to  be  assembled  properly  or  it  will   fail  to  func- 
tion.   Specific  types  of  spacers  are  required  adjacent  to  the  electrodes.    The  anion 
and  cation  membranes  which  pass  only  ions,  not  water,  must  then  be  alternated  with 
spacers  between  each  that  are  connected  to  alternate  parts  separating  the  dilute 
stream  from  the  concentrate  or  ion  gaining  stream. 
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EXERCISE  III-5-5b 

1.      How  often  is  the  maintenance  performed  on  the  el ectrodialysie  unit? 


2.      When  should  the  cartridge  filter 5?  changed  on  the  electrodial ysis  unit? 


3.      Ust  the  procedures  for  determining  causes  of  the  following  problems. 

a.     Product  salinity  high  and  DC  amperage  is  normal  or  higher  than  normal. 

(1)  

(2)  ~ 

(3) 


b.    Product  salinity  high  and  DC  amperage  is  lower  than  normal 
(1) 


(2) 


o.    Product  flow  is  low. 
(1) 


(2) 
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FIELO  WATER  PURIFICATION  UNITS 

OBJECTIVES 

Given  a  sketch  of  a  proposed  water  point  and  site  selection  criteria,  locate  and 
identify  the  correct  site  to  set  up  the  unit  according  to  TM  5-700.     Three  of  the 
four  must  be  correct » 

Given  a  diagram  and  information  related  to  the  EKDLATOK,  locate  and  identify 
components.    Ten  of  the  twelve  statements  must  be  correct. 

Using  TO  40W4-9-1  and  information  related  to  the  operation  of  the  ERDLATOR,  match 
statements  pertaining  to  the  operation  pf  the  unit.     Twelve  of  the  fifteen  must  be 
correct. 

Using  TO  40W4-9-1,  complete  statements  pertaining  to  preventative  maintenance 
procedures  and  troubleshooting  operational  problems  of  a  600  gph  ERDLATOR.    Nine  of 
the  fifteen  statements  must  be  correct. 

Given  a  diagram  and  information  related  to  the  Reverse  Osmosis  Water  Purification 
Unit  (ROWPU),  locate  and  identify  the  ROWPU  components  lAW  T.O.  40W4-13-1.     Seven  of  the 
eleven  matched  components  must  be  correct. 

Using  T.O.  40W4~13-1  and  related  information,  write  the  correct  procedures  used 
to  perform,  maintenance  on  the  Reverse  Osmosis  Water  Purification  Unit.     Six  of  the  ten 
procedures  must  be  correct. 

INTRODUCTION 

This  section  of  your  study  guide  will  provide  information  for  military  personnel 
engaged  in  field  water  supply.    A    field  water  supply  may  be  used  in  training  exercises, 
combat  zones,  occupation  areas,  and  other  locations  such  as  disaster  stricken  areas. 
This  section  covers  water  quality,  requirements,  development  of  water  points  and  water 
purification  units.     Details  on  the  operation  and  maintenance  of  each  field  unit  will  be 
discussed.     Three  publications  will  be  used  to  complete  this  section:  TM  5-700  Field 
Water  Si:pply;  TO  40W4-9-1,  Field  Water  Purification  Unit  600  gph;  and  TM  5-4610-215-10, 
Operator's  Manual,  Water  Purification  Unit,  Reverse  Osmosis  600  gph.    Chapters  and 
paragraphs  are  outlined  for  your  study  reference.     The  soldier's  water  supply  affects 
the  health  and  general  welfare  of  that  person;   the  combat  efficiency  and  morale.  In 
extreme  situations,  a  soldier's  limit  without  water  is  16  hours.     To  supply  good  quality 
water  the  equipment  must  be  highly  efficient  and  highly  mobile. 


INFORMATION 


PURPOSE  OF  THE  FIELD  WATER  UNITS 


Water  that  is  to  be  used  for  field  operations  must  be  treated  to  make  sure  that  it 
is  free  of  germs,  excessive  minerals  and  organic  matter.     The  water  must  also  be  cool, 
clean  and  free  of  objectionable  taste  ard  odors.     Every  effort  should  be  made  to  give 
the  troops  water  of  very  high  quality.     It  little  or  no  water  is  available,   it  will  have 
a  very  adverse  effect  on  the  troops  in  the  field.    With  the  use  of  a  field  water  purifi- 
cation unit,  water  of  good  quality  can  be  obtained. 

Types  of  Field  Water  Purification  Units 

There  are  several   types  of  field  water  purification  units  that  are  used  to  make 
water  safe  for  human  consumption  and  palatable  for  good  taste  and  appearance.  These 
include  the  ERDLATOR  and  the  reverse  osmosis  water  purification  unit  (KOWPU).     The  types 
of  ERDLATOR  units  are  as  follows:     1/4  GPM  hand  operated  unit,  420  GPH  skid  mounted 
unit,  600  GPH  trailer  mounted  unit,  1500  GPH  van  type  body  mounted  unit,  3G00  GPH  van 
type  body  mounted  united,  3000  GPH  base  mounted  unit  and  a  10,000  GPH  unit.     The  ROWPU 
unit  is  a  600  gph  skid  mounted  unit. 

The  600  GPH  trailer  mounted  ERDLATOR  is  used  by  the  Air  Force  today.    This  will  be 
the  unit  that  will  be  discussed  in  detail*     It  is  designed  to  treat  600  gallons  of  water 
per  hour  or  ten  gallons  a  minute.  The  unit  removes  both  suspended  solids  and  dissolved 
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gases  from  any  fresh  water  source.  It 
on  a  2  1/2  ton  2-wheel  trailer.  The  un 
filter,  filter  pump,  chemical  feed  equi 
The  support  equipment  includes  a  three 
engine  driven  pump,  a  portable  electric 
necessary  hoses  and  fittings,  water  tes 
unit  can  bt  either  operated  on  the  trai 
terrain.  Figure  6-3  shows  the  unit  and 
600  GPH  skid-raounted  ROWPU  is  also  used 
discussed  in  this  chapter. 


is  placed  in  a  special  purpose  cargo  body  mounted 
it  is  made  up  of  an  ERDLATOR  assembly,  diatomite 
pment,  pipes,  valves,  and  electrical  control, 
kilowatt  gas  engine  driven  generator  set,  gas 

driven  pump,  two  500-gallon  water  storage  tanks, 
ting  equipment,  and  a  supply  of  chemicals.  This 
ier  or  can  be  removed  and  operfited  on  flat 
all  of  the  equipment  stored  on  the  trailer.  The 
by  the  Air  Force  today.  This  unit  will  be 


Figure  6-3  shows  the  unit  and  all  of  the  equipment  stored  on  thl  trailer.  ^"PP^^'^s- 

WATER  REQUIRED  TO  MEET  SPECIFIC  NEEDS 

•  Water  Needs,  TM  5-700 

Selecting  Raw  Water  Sources,  and  points;  TM  5-700  Chapter  4.  Sections  1  and  2. 

•  Perform  Stream  Survey 

Water  Needs 

certaJJ'coid'Juo'ns?*  ''""^  "^'^^       ""^^^         ^'•°°P«  ^"  the  field  under 


Daily 

Water  Requirements 

1 

2 

3 

4 

Unit 
Consumer 

Conditions 

Gal  per  unit 
Consumer  oer  dav 

of  use 

Tempe r- 
ate/Cold 

Desert/ 
Jungle 

Remarks 

Man  

In  combat: 

1/2- i 

For  eating  and 
drinking  only, 
periods  not  to 
exceed  3  days. 

2-3 

2 

When  field  ra- 
tions are  used. 

3-4 

3 

6 

Drinking  plus 
small  amount  for 
cooking  or  per- 
sonal hygiene. 

March  or  bivouac 

2 

5 

Minimum  for  all 
purposes. 

Temporary  camp 

5 

Desirable  for  all 
purposes  (does 
include  bathing). 
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Daily  Water  Requirements 


Unit 
Consumer 


Vehicle  


Hospital 


Conditions 
of  use 


Temporary  camp 
with  bathing 
facilities 


Semipermanent 
camp 

Permanent  Camp 
Level  and  rolling 

country 
Mountainous  coun- 
try 

Drinking  and 
cooking 


Water  for  water- 
borne  sewage 


Gal  per  unit 
Consumer  per  day 


Temper - 
ate/Cold 


15 

30-60 

60-100 
1/8-1/2 

1/4-1 

10  per  bed 

50  per  bed 


Desert/ 
Jungle 


Remarks 


Includes  allow- 
ances  for  water- 
borne  sewage 
system. 


Depending  on  size 
of  vehicle 
Depending  on  size 
of  vehicle 
Minimum;  does  not 
include  bathing 
or  water  for 
flushing. 
Includes  water 
for  medical  per- 
personnel • 


Table  6-1.    Water  Needs  (Cont'd) 

Siolecting  Raw  Water  Sources 

A  good  water  source  is  one  that  is  of  sufficient  quantity  to  meet  the  needs  and  of 
such  quality  that  it  can  be  approved  for  treatment  by  the  field  water  purification  unit. 
A  water  source  that  is  for  military  use  is  known  as  a  water  point.    Water  sources  will 
fall  into  two  categories,  surface  and  ground  water.  Surface  water  includes  streams, 
lakes,  rivers  and  ponds.    Ground  water  includes  wells  and  springs.    Surface  water 
sources  are  very  easy  to  find  and  use,  as  compared  with  ground  water  sources.  Normally, 
surface  water  sources  are  used  for  water  points. 

Stream  Survey 

To  choose  a  water  point,  a  stream  or  water  survey  is  done.    An  environmental  support 
specialist  and  a  person  from  the  base  surgeon*s  office  is  responsible  for  the  selection 
of  a  raw  water  source.    When  performing  a  stream  survey,  make  a  sketch  of  the  site  and 
any  other  facts  of  importance. 

Water  Points.    There  are  several  things  that  are  to  be  considered  during  the  selection 
of  a  water  point.    These  are: 

1.  QUANTITY  OP  WATER.    Make  sure  that  there  is  x  sufficient  amount  of  water 
available. 

2.  QUALITY  OP  THE  WATER.  The  water  must  be  of  such  quality  that  it  can  be  readily 
purified  with  the  field  water  purification  unit.     If  kits  are  available  take  tests  on 
pH,  chlorine  demand  and  presence  of  chemical  agents.     If  you  do  not  have  a  kit,  make 
close  observations  on  the  following  characteristics: 

-  Color 

-  Turbidity 

-  Odor 

-  Taste  (use  with  caution) 

-  Possible  sources  of  pollution 

*  Condition  of  vegetation  around  source;  dead  or  mottled 
vegetation  may  indicate  the  presence  of  chemical  agents 

-  Presence  of  dead  fish,  frogs,  etc. 
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„«Hi  ;  COMMUNICATIONS.    A  Rood  water  point  must  not  be  hard  to  pot  to  by 

vehicles  and  personnel.  First,  a  good  road  net  with  turn  around  and  a  ^ood  parHng  area 
iho!!?H'*!'*\^*'T^  ^^"^  Kood  cover  and  concealment.    The  s  !e 

should  be  located  on  a  through  road  that  can  hold  very  heavy  loads. 

^hoi^I  rS^V^  CONDITIONS.     When  two  or  raore  sites  have  met  the  above  requl  r«ment.s,  the 
choice  of  a  water  point  is  based  on  the  following  site  conditions. 

a.     DRAINAGR.     The  site  must  be  on  high  ground  that  is  porous  to  prevent  it  from 
becoming  excessively  muddy  or  swampy  when  It  Is  being  used  all  of  the  time. 

SRCURITY.     The  site  shall  be  a  safe  distance  from  artillery  and  aerlaJ 
targets.     The  site  will  be  safe  against  any  ground  attacks  and  sabotage  of  storage 

K  PERSONNEL.     The  bivouac  area  for  the  water  treatment  personnel 

must  be  close  to  the  unit  in  case  of  an  emergency,  yet  far  enough  from  the  unit  to 

TToTthl  Sa?ersoS?ce!'*°"  °^  "^""^  ^'^^  '^^^  downstream 

^f""^  additional  information  about  water  requirements,  selecting  raw  water  sources 
and  stream  survey  which  are  found  In  TM  -i-TOO  starting  on  page  3,  paragraph  3  a?d  4 
paragraphs  8  and  9;  paragraphs  25,  26  and  27;  and  page  141-142,  table  K     Also  read 
Development  of  Water  Points,  page  41-48,  Section  II. 

Lyster  Bags 

Lyster  bags  are  used  to  store  and  dispense  treated  water  to  the  troops  in  the  field 
water  is  transferred  to  tho  bag  by  a  water  tank  on  a  trailer.     The  Lyster  Hag  ho?ds  3G 
gallons  of  treated  water  and  is  made  of  canvas.    This  porous  canvas  permits  the  seepage 
of  water  and  cooling  by  evaporation.  The  bag  has  a  cover  which  fits  snugly  around  ?he 
upper    part  to  prevent  the  contamination  of  the  water  by  dust  and  insects.  The  baes  are 

trfn^e„.?v"y''^  ?"  """^'^  °'  "'^^  """'^^^'^  P^'^P^^'  ^hese  bags  shoufd  be  iSsRcted 
frequently  for  cleanliness.  moi^i-u^ij 


EXKHCISE  Iir-6-6a 
PART  I 

INSTHUCTIONS 

Using  the  information  from  your  study  guide  and  TM  5-700,  complete  the  following 
statements  pertaining  to  the  development  of  water  sources. 

1.  Development  of  a  water  source  includes  all  work  which  increases  the  _____ 
and  improves  the  of  the  water. 

2.  In  developing  a  source,  , 


and  other  similar  improvements  icay  be  used  to  increase  the       

and  of  the  water. 

3.  Water  at  inlet  points  should  be  and  as 

possible.  ' 

4.  For  normal  field  water  supply,   is  the 

most  accessible  type  of  water  source* 

5.  When  a  stream  Is  too  shallow  to  allow  sufficient  water  coverage  above  the  intake 

strainer,  a  should  be  made,  and  the  screen  laid  on  a 

 or  for  support. 

6.  The  level  of  water  in  a  stream  can  be  raised  to  cover  the  intake  screen  by  making  a 


A  can  be  made  to  support  thtf  intake  screen  and  hose. 

^-      A  can  be  mau^  to  prevent  or  reduce  the  mud  and  silt, 

improving "the  quality  of"water  Intake. 

9.       In  desert  regions  water  may  be  found  in          . 
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INFORMATION 

PRINCIPLES  OF  OPERATION  OF  THK  RRPLATOR 


The 

accessories 
2-wheel 


trailer  chassis.    iSe  cfrgo  J^rfs  Sec?I??v  df^i'"n"ff'*  °"      ^-1/2  ton. 
major  components,  consisting  of  an  PRni  ator  ^Iki  ^  designed  to  carry  all  of  the 
filter;  a  gasoline  enKlne-drivL  %  Vno!?^  ^  "  "^^^'^  section  with  one 

raw  water  Jump;  distJfb^tion  eJecJJLal'c""^^^^^^  equipment; 

assemblies  and  chemicals.  electrical  control  box;  and  the  necessary  hose 

the  go"d  :aJer!"^%Srs  'unit  fsl^sJe^eJ'^o  ^^'^L^'^'^  ^'^"'^^  '^^^  to  store 

and  can  be  carrieJ  by  Zst  ^LcSf    iJe  ToulT..^l  T°''\t''  is  small 

water  out  of  bad  wate-  °re  coaeJJaMon    Lh?™    ^         ^^fP^  that  are  used  to  make  good 
The  main  chemical  is  pu^tn  J^feJ  iof ns  !f  ,  disinfection, 

substance  known  as  flSc.  She^  fi^st  fo?ied  Ih^  ffo  ^^'^'^l^"^ty  in  the  water  to  form  a 
in  the  water.     After  mixing  the  ffoc    it  ?  1^°^"        "^''^  ^""^^^  lo^l^s  like  fog 

icles  in  the  water.    Thrs"Lu'ses'  S^™    ^  5?oT%J"set Ue'S  M  h""" 
enough  alkalinity  It  is  necessaru  tn  ohh  ^*   settle  out.  If  the  water  does  not  have 

of.  limestone  aids  in  m?nim?z?ng  ?loc  c^JrHSer  thr,??/"^'"'^!^  '^'"'^tion 
produced  in  t.e  sludge  blanket%.;;ro?'^JhT?rerd'eaJS?  lUltL^nl  nTt'^'"'"  ''''  "'''^ 

perl^''^^e\ur;L™%":r^;^"p;e^e"°l?^?i^\r:J„^rfal^^"^''  r^^"  ^'•^^-"^ long 

tanks.    However,  in  emergency  I* LaJiDnr  l.^h  1  impractical  number  of  settling 

stream  which  is  heavily  lilt  l^den    lnpn^-f      Hr  *''ter  from  a  swift-flowing 

step.    This  initial  reLva\'^}1:;klf?f'Jeduce8™?hrf^^^^  ^'^".'^  ^""^  "'"^t 

tion  steps  of  the  Wi  ter  treatment  nr^^lL  f^  tu    5  °"  the  coagulation  and  filtra- 

reduced/  FiltratiJn'consilJs  of  pLs'S  tSf  wIEer'K^      °'  backwashing  is 

remove  the  suspended  impurities      Pil^^Li^n  T         through  some  porous  material  to 
dur-s  known  to  man  tor  ?emovin^susiinJ^rt  It^^         °'         °^'*®«t  and  simplest  proce- 
effective  and  portaj?!  JmJaMon  sys!^  ire^lLin"!  T^tl'  ^he  most 

the  diatomite/f liter,  water  is  paslef^rilh  J  ^1         diatomite  fiU«r  unit,  m 

called  diatomaceous  ^aJth.  whLnonsisfs  of  "Jatomaceous  silica,  also 

found  in  marine  deposits  thJ?  hJve  liUed  above  slileveu  ""       """"'^  (diatoms) 

operi?:d'iJSi1e'jf!te"s':r'e'cS}i''r  efficient  filtration.  Properly 

amoebic  cystsT  Je  ceJc^fae  of  scSs?osJ.er°rL"^'"°"  J=o»«"lated  and  settled  water, 
bacteria,  as  iell  as  producing  w!?er  i?th  ?^:«  ?J«^'''""°''^'"f!^^y       P^'"'=«"t  of  the 
working  With  the  fleld^  watei^JtJt^an^S  ISJloT thf  L^fty" n^le^.^^;  T^JS^n.,  . 
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r.'ip  anri  I'li.-iin  iMah*  pipr.  |  I /ji^  m. 
Kjfsl  fiMi.r»'fl  wal<T  Rtnra/;r  (link 
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Haw  walt  r  pump 

A'l:tl*'r,  nialf  pipi  In  rriv,;jlr  Itr^sc,  1  in. 
Uaw  wati'r  punip  .»<i;.'tion  ]ic»sc*,  riib«)rr,  1  in.  x 
10  ft 

.'^irainrr,  raw  wati-r  imiiip  siH  tinii,  1  in.  foniah' 
U;iw  wati-r  piiniji  rUrl  He  rnltl** 
l''iiti'r  waste*  water  Imso,  nil»lH'r,  l-J/4  in,  x 
l«  ff 

Knitatcir  Idnk  waMr  wnter  Ixis.*,  ralibrr,  1-1/4  in.  x 

l({  n. 
KtittlN*r  p.'iit.s 
(  Iti'ittii'al  Hofntinn  ffCfior 
t':>rj:i>  iMwly  irrcmml  luR 

t'lti'Diira)  MtlatiiOt  (*Hu\i-r  iUf^rhnr^;v  plaslir  Itihinf^, 

in  .rti  X  r.«  in.  ('2  on) 
Kli'ctncfti'  rontm'i  Imiji 
Aflaptor,  mutr,  pipi>  to  mali*  h^^<^  I  in. 
120  voM  niitld  riTt  ptni'Ic 
Urc'irrulnlinK  h(tfu\  rnltl)or.  1  in.  x  U»  fl 
Aflnpti'r.  mnlr  pi|>r  to  )t(»M>,  1  in. 
llnKO,  riililicr  I  in.  x  10  ft 
Aflnptrr,  mnlc*  pipo  to  female  hn.se,  1  in. 
Main  powrr  rattW* 

Ailapter,  mnlo  pipe  tci  hoHe,  1  I  'I  in. 

Arlnpler,  male  pipe  to  mnte  hum\  I  in.  , 

I>inl^mit(v  filter 

ritrmirai  Aolution  fe<*iler  KUetiiMi  li.liiitjf,  .1/4  in.  ikI 
X  4R  in. 

Chcmienl  Kululion  fct'iler  pnwrr  laMe 
Kill**r  jMimp 

Filter  ptimp  |Hiwrr  eahle 

AHaptvr,  male  pi|>e  to  male  lio.s",  1-1/4  in. 

A{ltttf»r,  m«l«»  nipe  to  male  hose,  1 

Influent  plug  valve,  I  in. 

Kfflw»nt  plug  valve,  1  in. 
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Figure  6-1*    EROLATOR  Assembly 
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Figure  6-2.    O.E.  Filter  Unit 
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Figure  6-3.    600  GPH  Field  Water  Purification  Unit  on  a  2«l/2  Ten  trailer 
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Components  and  Their  Purpose 

The  600  GPH  field  water  purification  unit  is  .ade  up  of  the  following  components- 

shaffiL*'°L";rfi;"Il"p/'  to  drive  botl.  the  a^t^tor  drlv. 

shaf??^^"  '■•'''""^^  '''^  '►'^  agitator  drive  r.otor        tl.u  drive 

AIR  PUMP.     It  18  used  to  furnish  air  to  both  of  the  chemical  slurry  feeders. 

INFLUENT  FLOW  CONTrtOLLER.     When  raw  vater  flrat  «  .  -  . 

orduJo?''?Ll!":,t!''."^  '  I'""'"  t""        "taohed  to  ,Ko 

co„tSL'".L"c';erf;  .».;!.t'2r:.ieJ: »' » 

~ter''fi"?2^  cZriaterz^e!  -""""o-  collect,  .„e  clear  „r  o„.6„u,ed 

s™e=iss??s=sr:j:r;„  ^j^^eTier?'?.:^.- 

dl.to«lte  to  the  suctlorfJiJtlf'Ihe  fll?.;  punp!""""  "°" 

«oto??'""i?2  SfjeriJc'chroSH^"  °h'  "?  punpe  „per«tc«l  by  o»o  olectrlc 

t.o  pin"  "°  chloride  ahd  clclum  hypochlorite  lht„  the  do,„c,™.,r  tube  tr™. 
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KILTKK  PUMP.    Tho  pump  Is  a  centrifugal  type  pump.     It  is  used  to  pump  clear  water 
fr(jin  the  wet  well  to  the  diatonite  filter.     It  has  a  capacity  of  ten  gallons  per  minute. 

PIPISS  AND  FITTINGS.    The  piping  used  on  the  unit  is  color  cod«d.     Black  is  for  raw 
water,  yellow  for  clear  «ater,  green  for  filtered  water,  and  red  for  waste  water. 

KliKCTRICAIi  liOX.    The  box  on  the  unit  holds  all  of  the  electrical  components  that  are 
us'id  on  the  unit. 

The  equipment  that  is  used  to  support  the  operation  of  the  unit  is  as  follows: 

DIATOMACEOUS  KARTH  FIliTRRr    This  type  of  filter  uses  diatoraaceous  earth.    The  filter 
is  made  up  of  the  filter  housing,  precoat  funnel,  influent  and  effluent  gauges,  air 
release  valve,  filter  elements,  wash  ring  and  rate  of  flow  controller.    The  filter  will 
remove  any  of  the  suspended  matter  that  did  not  settle  out. 

GKNKRATOR.    A  3-kw  gas  driven  generator  is  used  to  provide  power  to  the  unit* 

RAW  WATKR  SUPPLY  PUMP.    The  pump  is  the  same  type  of  pump  as  the  filter  pump.     It  is 
used  to  pump  raw  water  from  a  lake  or  stream  to  the  field  water  purification  unit.  It 
also  pumps  at  u  r&te  of  10  GPMo 

VMTRR  DISTRIBUTION  PUMP.     This  pump  is  used  to  pump  filtered  water  from  the  storage 
tankii  to  water  trucks  and  tanhs. 

STORAGK  TANKS.    Two  collapsible  rubber  tanks  are  used  for  the  storage  of  filtered 
water. 

STRAINHIRS  AND  HOStilS.    Strainers  are  used  to  keep  large  objects  from  entering  the 

hoses.    The  hoses  are  use<i  to  allow  water  to  flow  from  one  place  to  another. 

TKST  KQUIPMKNT.    The  chlorine  residual  test  comparator  is  the  only  test  equipment 
that  will  be  with  the  unit. 

Chemicals  that  are  used  on  the  field  water  purification  unit  are: 

FERRIC  CHIiORIDE  as  a  coagulant. 

CALCIUM  HYPOCHLORITK  as  a  disinfectant. 

DIATOMACKOUS  LIARTH  as  a  filter  aid. 

ACTIVATKD  carbon  as  an  absorbor  to  control  bad  taste  and  odors. 
PULVKKIZKI)  LlMKt'TONIi  add  salkallnity^ 

Read  additional   Information  on  the  purpose,  components,  supi)<)rt  equipment  and 
chemicals  on  the  600  GPH  Unit  in  TO  40W4-9-1  on  pages  3  to  10,  Section  II,  paragraph  3. 


Pre-cperational  Inspectio'v 

The  field  water  purification  unit  is  set  up  and  ready  for  operation.     You  must,  as 
an  operator,  inspect  and  service  this  unit  before  you  start  it  up,   to  make  drinking 
water.    Some  of  the  things  that  are  inspected  on  the  unit  are:  ail  of  the  main  parts  of 
the  unit,  support  equipment,  tools,  and  chemicals.    Servicing  would  include  lubrication 
of  specific  components  on  the  unit,  preventive  maintenance  services,  cleaning  of  unit, 
and  checking  any  other  parts  of  the  unit  which  have  not  been  looked  at  earlier.  Read 
the  more  detailed  checklist  of  inspecting  and  servicing  the  unit  found  in  TO  40W4-9-1, 
page  26,  pariigraph  9b  and  page  35,  para  lib.    Do  not  read  para.  17  and  48  at  this  time. 

Pre-operatlonal  Procedures 

The  first  item  that  is  done  i:^  the  preparation  of  the  ferric  chloride  and  calcium 
hypochlorite  solutions.    The  chemical  slurry  feeder  compartment  is  then  filled  wit!i  raw 
water.     Next,  all  of  the  valves  are  positioned  according  to  TO  40W4-9-1. 


OPKRATION  ok  KIKLD  WATKR  PURIFICATION  UNIT  (ERDLATOR) 
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Operating  Unit 


H  Hi^n^s^  ^^^^ 

.  reduced  speed  b„t  ci„  iLm  iuh  'Stn^leni  .e?:lu/?r:"'  "  ~''"«-'-ot«t.„„  „t 
aescribe  the  continuous  flow  in  water  purification  units.  Fwaru  now  ,  usea  to 

l.'J?rJt'j2iL%-ed"-„„i.ri"j\"niir.e^S"i'„i,!  ' 

providng  space  for  clarified  water,  the  wet  well  tank  Intl  oo  Besides 

pump.  w«i,ci,   tne  wet  well  tank  also  acts  as  a  sump  for  the  filter 

suspended  solids  must  be  r^verbrfilt^tlSi;.  necessary.  R«„inl„B 

Operating  Dlatomaceous  Earth  Filter 

pumped  fSti'j::''rf?t:?  JiT?s°*:sc':;r°i  s  rs"-dor""trt'"/'= 

on    Je  :?L:;S'."Ji:;n'fS^  SeLn'?s'2?e'JiIL'i  pJ^^^rTj ".i'l'Jes  fJrr";^       -"d"  """ 
filter  water  roroducp  pionr  arat-i^v^      »ru  ^T/:  "  piupeny,  vaives  are  repositioned  to 

water  a„d  diaS^J^ Is-'aSd^d'jrfi^gtK  ?Je"lUer"j:uJ!'""  ''"^'^ 
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Filtration  and  backwash  procedures:     A  slurry  of  diatomlto  and  water  is  introduced 
into  the  filter  to  precoat  the  system  before  the  filter  is  put  into  operation.  The 
(Uatomlte  iss  held  and  supported  on  the  filter  element  by  a  pressure  difference  between 
tho  inside  and  outside  of  the  filter  element.    The  diatomite  cake  is  maintained  by  the 
continuous  addition  of  a  small  amount  of  diatomite  into  the  slurry  feeder.     When  tlie 
water  pressure  on  the  filter  pump  increases  as  compared  to  the  low  rate  the  filter  is 
clogging  and  backwashing  is  necessary.     To  do  this  the  air  release  valve  is  opened»  The 
air  pressure  under  the  filter  dome  is  thus  suddenly  released,  allowing  the  air  in  the 
filter  dome  to  escape  and  allowing  the  air  in  the  filter  elements  to  expand  vith  the 
effect  of  a  blast  which  knocks  the  diatomite  and  foreign  matter  off  the  filter  elements, 
this  is  called  backwashing  by  the  air  pump  method.     After  the  filter  has  been  backwashed 
and  drained,   the  filter  pump  should  then  be  used  to  flush  the  filter  before  the  unit  is 
again  precoa^ed  and  put  into  operation*     Read  TO  40W4-9-1  ,  pagers  40  to  51  r  para  2i>c, 
Filtering  Process. 

There  are  several  things  that  you  will  do  while  operating  the  field  water  purifica- 
tion unit.    One  of  the  first  steps  that  will  need  to  be  done  is  the  recharging  of  the 
chemical  feeders.    The  slurry  feeder  needs  to  be  recharged  every  hour.     A  timer  will  go 
off  when  the  hour  has  passed.     The  solution  feeder  is  recharged  when  the  pails  that  con- 
tain the  chemicals  are  low.  The  TO  will  tell  you  how  much  of  each  chemical  to  add.  If 
the  slurry  blanket  in  the  erdlator  tank  looks  like  it  is  going  too  fast,  you  must  take 
corrective  action.    The  slurry  level  must  be  kept  at  the  draw  off  port  and  any  excess 
slurry  will  be  drawn  off  to  the  sludge  concentrator  tank.     When  this  small  tank  is  full, 
a  valve  is  opened  to  waste.    One  of  the  main  things  that  needs  to  be  done  is  the  back*- 
washing;  of  the  filter.     The  filter  is  backwashed  when: 

The  effluent  pressure  gauge  drops  down  to  five  psi. 

Large  areas  of  the  elements  are  not  covered  with  diatomite. 

The  suspended  solids  are  not  removed  from  the  filtered  water. 

The  flow  has  stopped. 

The  backwashing  steps  are  found     in  the  TO.     If  these  things  are  not  done  as  the  TO 
requires,   the  quality  and  even  the  quantity  of  water  that  you  want  to  make  will  be 
affected.     So  it  is  very  important  that  you  follow  these  steps. 

Shutdown  of  Unit 

When  you  need  to  shut  the  unit  down  and  move,  a  step  by  stijp  procedure  is  found  in 
the  TO  40W4-0-1  on  page  65  and  66  paragraph  33  and  34.     Read  this  section  before 
proceeding  any  further. 
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EXERCISE  IH-6-6b 
PART  I 

INSTRUCTIONS 

Figure  IteirMluniber  Name  of  Component 

I 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
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I  Kfillaior  liiiik  lit  U;  i,,r  luhiiM]  !► 

Kffhh  i»t  hiuifli  I  ii;  |»|,  i  f„i.i„.| 

•i  Krflu«'f>S  laiiinli*!  .i'l4i<^l>>>ilc  sii|.|iiiri  rnt\>  Ct  mt )  I  I  ruvM  i  cilth 

•I  \\T\tltiv  rail  ).|  1',,.         isu  ' 

■  '  Aiftlalur  Jn^i-   koi  |.,  i  di.  r  fnirti|i 

*'i  Spifil  ri'iiiii-i-r  |i;  \V»ir  Iimn 

7  Air  r>i>in|>  IT  j.,,|t  ,  ,       i,.,  , 

H  liiriiit  111  lainnli  r  \n  Mu  run  ;il  M.lut  

U  Wi't  Wi'll  liiiils  yj  .,t.ir.i.T  >Mi\ 

Ml  Shiiliti  ruim'»itir;»tnr  ^uiK  2U  «  ImiumjiI    Inn;  h 


Klguro  6-4.     Krdlator  Unit  Mounted  in  Trailer 


;;oc%":r'th^e"«v^?:rK..^J^^"^?'  ^!^^""'V^«         -^t...r  ts  introduced 


Priterlng  Process.     *^ "P-a„o„.     Read  TO  40W4-9-1,  pages  49  to  51,  para  29c. 

chemical  feeders.     Tho  s  J?ry  JeSdeJ  Jeeds  L  h»        k''^  '^h""  recharging  of  tho 

off  When  the  hour  has  passed      The  so^^fJnn  ?    !  recharged  every  hour.     A  timor  will  go 
tain  the  chemicJls  ^r/^ow?    The  ?0  ^  H  ?ell  vo^hi^  rechargod  when  the  pails  that  con- 
the  slurry  blanket  in  the  ^rdla^or  t^Ii  looJs  Mke  ?t  71      ?^  chemical  to  add.  If 

corrective  action.     The  slurrv  Inwel  l.^f  h    u         l  .t^  ^"^"'^  ^'^^^  •  y°"  ""'^t  tako 

slurry  will  be  drawn  off  to  the  «n!Lr        °  ^^^l  ''"''^  "^"^  any  oxcoss 

a  valire  is  opened        waste      5ne  ^?  ?he°°"?rJh?'°'"  """^^^  ^-^""^  t«  ^"11. 

washing  Of  th'e  filter."'Jh;  f U to;'is'ba;;i:sJeJ"5hen' "^^''^  '°  '^""'^ 

The  effluent  pressure  gauge  drops  down  to  five  psi. 
Large  areas  of  the  elements  are  not  covered  with  dtatomtte. 
The  suspended  solids  are  not  removed  from  th'j  filtered  wator. 
The  flow  has  stopped. 

re<,ur?ls?'^?h':%':i;fty'':^5  e"ln'?h"e^;:nJJL'°^     'I  a-  not  done  as  the  TO 

affected.     So  ?t  is  Jery  iSpTtaJt  'ZV^yll      Jo^i^Jh^'f  sL^Js!'^"' 
Shutdown  of  Unit 

t.e  r4"oi;?^9T^n^pag1^^J^d"2^^X"r:;2  Tand^?"''  '—'^  ^«  - 


616 


ERIC 


6-16 


INFOKMATrON 


Pr(?ventlve  Maintenance  and  Troubleshooting; 


Thu  mulntenanco  of  the  upflow  clarifler  will  be  covered  in  two  ;t;eas.     Oaily  main- 
tenance requirements  and  quarterly  preventive  maintenance  service. 

hally  Maintenance? 

These  are  task  that  must  be  done  daily.     These  tasks  are  listed  below  with  a  brief 
explanation  of  each.     You  should  use  TO  40W4-9-1 .  Section  III  Preventive  Maintenance 
Service  for  a  more  detailed  explanation. 

You  will  be  given  a  copy  of  TO  40W4-9-1   to  learn  the  following  tasks: 

VISUAh  INSPKCTION.     Inspect  for  leaks,   loose  connections,  any  physical  damage  that 
may  have  occured  since  the  unit  was  last  used. 

OIL.    Check  the  oil  level  in  each  engine  crank  case. 

DRAIN  lilNKS.  See  that  all  drain  lines  are  securely  connected  and  not  damaged.  Make 
sure  that  the  waste  water  is  disposed  of  so  it  will  not  interfere  with  the  operation  of 


UNUSUAL  NOISKS  OR  OPERATION.     Inspect  the  electric  motors  for  overheating.  Inspect 
all  drive  belts  to  see  if  they  are  slipping.    Check  for  any  unusual  noLse  that  may  indi- 
cate an  operational  problem. 

LRAKS.    You  should  Inspect  all  hoses,  connections,  tanks,  pumps,  piping,  and  pipe 
fittings  for  any  leaks. 

CLKAN  KQIJIPMKNT.     Remove  any  oil,  mud,  grease,  chemical  or  other  foreign  matter  from 
external  parts  of  the  unit  with  clean  cloths. 

FILTKRS  AND  TANKS.     The  operator  should  backwash  the  filters    when  the  gauges  show 
that  it  needs  to  be  done.    The  storage  tanks  are  checked  for  cover  and  security. 

WATKR  TRKATMKNT  KQIJIPMENT.  Drain  and  clean  all  parts  of  the  unit  on  a  regular  basis. 
Quarterly  Preventive  Maintenance  Services. 

Quarterly  means  every  ninety  (90)  days.    This  section  of  the  TO  has  the  greatest 
amount  of  derailed  maintenance  required  on  the  erdlator.     The  following  tasks  below  are 
only  a  brief  explanation  of  each.     You  will  be  given  TO  40W-4-9-1  to  perform    your  main- 
tenance.    Before  operation  you  must  inspect  the  unit. 

LUBRICATION.     Check  all  lubrication  fittings  and  lubricate  if  needed  with  the  speci- 
fied grade  c)f  lubricant. 

APPKARANCK.     You  must  inspect  the  general  appearance  of  the  unit,  check  all  mark- 
ings, paint  and  cleanliness  of  the  unit. 

HOSES,  PIPING,  VAIiVKS  AND  TANKS.     These  must  be  inspected  for  loaks  and  corrosion. 
Any  part  that  is  damaged  or  defective  must  be  replaced. 

CHEMICAL  KKKD  KQUIPMKNT.     Inspect  all  of  the  different  types  of  fooM  oqulpmnnt  that 
is  being  used.     Check  all  of  the  main  parts  of  these  feed(?rs  for  condition.     Any  part 
that  is  damaged  or  defective  should  be  replaced. 

FILTKR  AND  FLOW  CONTROLLER  VALVES.     The  operator  must  check  for  any  loose  connec- 
tions.   Open  and  close  all  valves  to  see  if  they  operr.te  freely.     You  should  check  the 
proper  flow  rate  of  both  the  filter  rate  controller  and  the  non-adjustable  raw  water 
controller  valve. 

FILTER  ASSEMBLY.    Tho  operator  will  inspect  for  the  following:     dirty  filter,  leaky 
gaskets,  broken  window  or  elements,   loose  connections,   insecure  mounting  and  pressure 
gages.  ^ 


the  unit. 


tlons  and  repS^LJ' t^eltf  relelsr^alirn  J^Jl-deKtrJe.'^'  — " 

indicator  U.Ht.  receptacle^,  circuit  Sre"kKe^"ra:d  irJis^^JL-L ^Jr;^^^^'  .^^ J^J^ct  1  v., 
the  iSJ  Jelf  floI^ass°i^/^^'!?^^  f'?  -f^^  «"oul.i  inspect 

AIR  P"M''-    The  operator  should  check  the  air  lines  for  damauo  and 

moto^'IT""  "^J^^^  «"TOK.    The  operator  will  inspect  for  any  n.isalignm«at  b.twoen  the 
motor  and  speed  reducer,  and  for  loose  bolts  on  connections;     You  sLuld  I  Isten  !or 

and  ?JfSrJve"S!u  flr%rltlrV°." ^""^^  '"^^r'  'Connections 

Read  additional  information  in  TO  40W4-9-1 ,  pages  80  thru  85,  para  47.  48.  and  50. 

Troubleshooting 

occu?"'"'?L*Ilnit'*!r^«l!^i?'  P'*'  EROLATOR.  many  operational  or  mechanical  problems  may 
I  f  usually  in  operation  for  most  of  the  day  or  even  the  full  24  ho^rs 

Sll  uiniiT         f.T^  "'"^^  ^«  practical.     ConlinuournmnTng  o  eauiLmen^ 

Will  usually  result  in  some  type  of  maintenance  requirement  or  malfunction      If  for  no 


General  troubleshooting  information  is  located  m  TO  40W4-'}-!  uaires  R'i  ti.r,,  no 
Section  IV.     Read  this  portion  of  the  TO  for  further  information! '  *^  ^  ""^ 
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PART  I 

INSTKlUmONS 

Using  TO  40W4-9-1,   fill   In  the  blank  spaces  in  the  incomplete  stat.^.Tients  that 
pertain  to  preventive  maintenance  services. 

1.  Operation  of  the  KRDJiATOR  must  be   if  a  deficiency  is 

noticed  which  would  damage  the  equipment.  ^ 

2.  Visual  inspection  for   ,  ^  and 

  should  be  performed  daily. 

3.  Start  the  generator  to  see  if  the  RRDLATOR  is 


4.      During  opera  ton  of  the  ERDliATOR  the  electric  motor  should  be  checked  for 

 ,   the  speed  reducer  drive  belt  for  ,  and  the  pump 

strainers  for  , 


5.      During  operation  of  the  RRDLATOR,   items  to  be  checked  for  water  leaks  are: 


a  ad 


6.  The  D.K.  filter  should  be  when  the  water  flow  through  the 

elcm(>nts  have  stopped.  ^ 

7.  After  operation  t::e  water  treatment  equipment  should  be  and 


8.      A  good  method  to  inspect  a  fire  extinguisher  for  insufficient  charge  is  by 
 and  it  by  sound  and  weight. 

0.      The  chemical  fe(?d  equipment  should  be  inspected  for    and  a 


10.     To  check  the  adjustable  flow  control  valve  for  proper  feed,  set  the  valve  ut  ti 

 of  flow  and  the 

of  the  valve. 
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PRINCIPLES  OF  OPERATION  OP  THK  REVERSE 
OSMOSIS  WATER  PURIFICATION  UNIT  (ROWPIJ) 

Principle  of  Reverse  Osmosis 

the  ItTclll  ihic^'^^ccu'S  :!:en'there"re"t;r;:?er'«Sl%'J  ^« 
the  other  Is  low  In  solids     ThesrsointioL  solutions,  one  is  high  in  solids  and 

only  the  water  r.olecu?es  ?o  pIsHhrSigh  °  ?he  Sa^irfSlr^h^^  a  T'""'''": 

will  flow  toward  the  side  which  hasThigh  JSSoeSJrItiSn  oJ  L^Jc*  solids 

sure  will  equalize  the  dissolved  solids  on  ho?h  ^iH^I^^        solids.    This  osmotic  pres- 


rWSM  W^TER 

— 

1        SALTY  WATEK 

CNA.0«4 


Figure  6-7.  Osmosis 


PISTON 


FRESH  WATER 


SALTY  WATER 


Figure  6-8.    Reverse  Osmosis 

99  pe*r:::r"^  iiriii  o;^in?c^"j?:;rai^?.n^?.rw?ji^!"       ^^•^•^-^^'^^  -^^^^^ 

salt'^latirU'^IdrSi^rc^'tu^^^^^  in  removmg  the  dissolved  solids  from  the 

The  mJSjrIne  h^f  twJ^fStJni      SJer^    Sie  taJeJ'i""-'^  "^"^  thuusanths  of  an  Inch  thick. 

„  ,.r ....  r„.-,;n.^!-^?i-«  ::t  a  ;r.  l^ss^/-;- ;?r[i'\irrs:'iri:,: 

soDeJiLrthfs^Tfr"^  i«  °"ly  ten  milllonths  of  an  inch  and  actually 
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TYPKS  OF  REVERSE  OSMOSIS  UNITS 


There  are  two  types  of  reverse  osmosis  ur.ltr  used  at  this  time.    They  are  the  spiral 
module  and  the  hollow  fiber  tube  unit.     The  spiral  module  unit  will  be  covered  in  the 
following  paragraphs. 

SPIUAU  MODULE  [INIT.    This  unit  is  made  up  of  two  layered  membrane  with  a  porous 
backing  material  between  the  layers  which  forms  a  sandwich.  A  perforated  plastic  pipe  Is 
placed  tit  one  end  of  the  sandwich.     The  edges  of  the  membrane  are  sealed  with  the  porous 
backing  material  inside  the  resulting  envelope.    The  edges  of  the  membrane  are  sealed 
around  the  plastic  pipe  enclosing  the  porous  material  inside. 

This  membrane  envelope,  and  a  mesh  spacer,  is  then  rolled  up  onto  the  plastic  pipe 
to  produce  a  compact  unit  so  that  it  will  fit  into  a  simple  tubular  pressure  vessel. 

At  the  open  ends  of  the  roll  the  mesh  spacer  creates  a  gap  that  will  allow  the  feed 
water  to  pass  axlally  t^'-ough  the  roll.     As  the  pressurized  water  flows  through  the  mesh 
spacer  passages,  some  of  this  water  permeates  or  passes  through  the  membrane  and 
collects  In  the  porous  backing  within  the  sealed  envelope.    The  wuter  spirals  inward 
Along  the  backing  material  to  the  center,  out  of  the  envelope  through  the  pipe  perfora- 
tions, through  the  pipe  and  out  of  the  module.    As  the  water  permeates  or  passes  through 
the  membrane  the  remaining  feed  fluid  becomes  more  concentrated.    This  concentrated  feed 
fluid  continues  to  flow  axlally  through  the  roll  and  emerges  through  the  mesh  spacer 
gaps  at  the  other  end.    Figure  6-9  shows  a  typical  spiral  module  unit  set  up. 


WOUND  RCVERK  MAom 


Figure  6-9.    Typical  Spiral  Module 
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In  a"^™JifL''"?^  r.'^  "*»  •PProxlm.tel  ,  one  million  fiber 


rs  bundlnd 
human 


PERMEATOR 
TYPICAL  CROSS  SECTION 


km 


Figure  6-10.     Hollow  Fiber 

fo.^!^®/®®^  !u^"  enters  at  one  end  of  the  permeator  under  pressure.    The  water  Is 
forced  to  go  through  the  hair-like  fibers.  Those  hair-like  fibers  ar^  very  sJmilar  to 

th:s:ijjrrs%;  ^ji^-  8tay«^n  [l.  i:J  rje  r 

flows  MM?  r  through  the  fibers  free  of  suspended  matter  and 

flows  out  th#i  other  end.    This  water  Is  called  permeate. 

prtsIIre^'Se^liSs  ^""^  ""^^  ^•'^^^  'The  amount  of 

CJinrtSe^o?iHrhnMni^'^^      membrane  used.  Water  will  pass  through  the  membrane 
mechalllcS!  behind.    There  is  no  chemical  reaction  involved,   it  is  all 


1 

2, 
3, 
4. 
5. 
6. 
7. 


Reverse  osmosis  has  many  applications  and  advantages  such  as: 

Demineralizing  sea  water. 

Softening  of  water. 

Treatment  of  holler  foed  water. 

Portable  water  units. 

Removing  radioactive  contamination. 

Purifying  industrial  waste  water. 

Tertiary  treatment  of  sewage. 


Ho  nofrrr  ^^^r^'^''        f?  that  some  bacteria  are  filtered  out  and  those  that 

do  pass  through  are  easily  destroyed  by  chlorlnation. 
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Some  d ls;tdvanttti;es  of  reverse  osmosis  are; 
1.    High  initial  cost. 

Membrun€is  coat  easily  with  solids. 

3.    Turhid  water  must  he  filtered. 

Am    Requires  high  pressure  source. 

Read  T.O.  40W4-13--1,  Chaper  1,  Section  I  and  II,  para  1*5,  K^uipment 
Characteristics,  Capabilities  v.;id  Features. 


Read  T.O.  40W4-13-1,  Chapter  1,  Section  II,  para*  1-6,  pages  1-2  thru  1-12,  Location 
and  Description  of  Major  Components* 


The  operator  of  a  reverse  osmosis  unit  must  use  the  manufacturer's  manual  for  proper 
and  safe  operation  of  the  unit*     Each  unit  will  be  different  in  deiign  and  operation. 
As  an  operator,  you  must  use  the  correct  manual* 

Read  T.O*  40W4--13-1,  Chapter  1,  Section  III  pertaining  to  the  principles  of 
operation  of  a  R*0.  unit. 


Head  T*().  40W4-13-1,  Chapter  I,  Section  III,  and  Chapter  2.  Section  TII,  pages  2-15 
thru  2-47  pertaining  to  chemicals  used  with  the  R.O.  unit. 


Components  of  the  R.O.  Unit 


INFORMATION 


Principle  Operation  of  the  Components 


INFORMATION 


Chemicals 


INFORMATION 
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PART  1 


INSTRUCTIONS 


dl^grlVfindTr''''''  *°  Identification  of  the  R.o.  components  from 


Diagram  1 


1. 
2. 
3. 

4*  and  5* 
6. 

7.  and  8. 


NBC  tank 
NBC  tank 
Backwash  pump 
Raw  water  pumps 
Brine  tank 
Product  water  tanks 


1®.) 

® 

® 

11.  Sledge 

12.  Paddle 

13.  Rubber  hoso 

14.  [Jtlllty  pails 

15.  Distribution  pump 


9.  and  10.    Storage  boxes  1  and  2 


1.  and  2.  Tanks 

3.  Float 

4.  Palls 

5.  and  6.  Canvas  hoses 


Diagram  2 


J  L 


Legend 


7. 
8. 
9. 
10. 


Ladder 

Distribution  pump 
Suction  hose 
Hard  rubber  hoso 
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storage  box  No.  I  contains: 

(i;  Turbidity  tube. 

(2)  Input  strainer. 

(3)  DlBtr Lbution  nozzle . 

(4)  ThermomHter . 

C^)  Flashlight,  drop  cord,  and  lamps. 

(6)  Tools  and  spanner  wrenches. 

(7)  TDS  Meter 

(8)  Chemical  measures  (cylinders). 

(9)  Tape  for  wrapping  on  pipe  threads, 

(10)  llose-reduclng  nipples . 

(11)  lOO-watt  light  bulb. 

(12)  II. O.  vessel  end  cap  pullers. 

(13)  R.O.  pump  valve  seat  tools. 


LOADING  PLAN  PLATE 


STORAGE  BOX 
NO.  I 


The  other  (storage  box  No.  2)  contains: 

(1)  Chemical  feeding  tubes. 

(2)  Chemicals. 

(3)  Water  testing  kit. 

(4)  Ch<^mical  mixing  wooden  paddles. 

(5)  Color  comparator  kit. 

(6)  lOO-ml  plastic  cylinder. 


LOADING  PLAN  PLATE 


STORAGE  BOX 
NO  2 
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Figure  6-11.     rowpU .  Pumps  and  Equlpmont  Monti flcatlon 
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Figure  6-12.     Backwash  Pump  and  Strainer 
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RAW  WATER  PfJMP  (2  USED) 


TUBES 

WITHOUT 

STRAINERS 


FOUR 
CHEMICAL 
FEED 
PUMPS 


SODIUM 
HEX 


TUBES 
WITH 

STRAINERS 


CITRIC  - 
ACIO       CHLORINE  POLYMER 


Figure  6-14,    Tubes  Attached  to  Chemical  Feed  Pump 


Guy  rope 
Anchor  stake 
Outlet 
Wood  Stave 


5.  Tank 

6.  Tfround  doth 

7.  Spreader  bars 

8.  Cover 


Figure  6-15.     Collapsible  Tank  Installation 
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Order 

1. 

2. 

3. 

4. 

» • 

6. 

7. 

8. 

9. 

10. 

11. 

Valve  or  Switch 


REGULATE  PRODUCT  PLOW  valve 

VENT  VESSELS  valve 

VENT  CARTRIDGE  FILTER  valve 

VRNT  PIIf..SK  DAMPRNRK  valvp 

VhW  MIII/nMi:iMA  I'H.TMIl  v/ilvr* 

R.O.  PUMP  switch 

BOOSTER  PUMP  switch 

CHEMICAL  FEED  PUMP  switch 

RAW  WATER  PUMPS  NO.  2 

RAW  WATER  PUMPS  NO.  1 

VENT  PRODUCT  WATER  valve 


EKLC 


Fijjuro  Control  Pttncrl  ,r     t<!lu^s  ntui  Valvos 
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PART  8 


INSTRUCTIONS 


Comploto  the  following  diagram  by  identifying  the  components  and  units  of  a  typical 
fl*Ud  water  Installation  set  up  of  a  R.O,  field  water  plant  system. 


R.O.  WMPONhNT  LIST 


I  . 
2. 
3. 
4. 

e 

1'  • 

6. 
7. 
8. 
9. 

10. 
'  I. 

14. 


Float  and  strainer 

Throe  1   1/2  ln(!h  hard  rubber  hoses 

Haw  water  pump 

Two  I  1/2  Inch  hard  rubber  hoses 


Thrt;e  1   1/2  Inch  canvas  hoses 
Backwash  canvas  hoso 
Backwash  pump 

Backwash  2  inch  hard  rubber  hose 
Wastewater  2  Incti  canvas  hose 
Vent  vessels 

Collapsible  1500  gallon  brine  tank 

Brine  2  Inch  canvas  hose 

Two  I  1/2  Inch  hard  rubber  hoses 


15.  Collapsible  1500  gallon  product 
tank 

16.  Product  wat(^r  l    1/2  Inch  hard 
rubber  hose 

17 .  Col  lupslblt^  1500  gallon  product 
tank 

18.  Product  water  1   1/2  Inch  hard 

19.  Dlstrlbiition  pump 

20.  Product  water  1   1/2  Inch  canvas 
rubber  hose 

21       Olstrlbution  nozzle 

22.  Product  water  I  1/2  inch  canvas 
hose 

23.  Distribution  noz/le 


Typical  Field  Installation 
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Preventive  Maintenance 

INFORMATION 


INSTRUCTIONS 

PART  1 


KXKRCISE  [II-6-6e 

1.      What  preventive  maintenance  is  perforaed  on  the  fram«  and  R.o.  nqulpm«nt? 


^*       mt^??''°"  ''^  '"'■""Bf'  the  multimedia 


JJobJS?e'cJise(s?r  """""^  -""^^^^^"6  feed  to  the  unit,  what  is  the  most 


4.      What  action  should  be  taken  if  the  chemiv.l   feed  motor  will  not  operate? 


5.      What  should  b<i  checked  if  the  R.O.  pump  or  motor  does  not  operate? 


6.  What 


bo:ste^^^;:™":rdo™jir:o"Jk"5''  '"•"'^^'"'•^  ^^'^"^'^  ^•-^  '•^•^^  ^^^^       p-p«  - 
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Yoli  notice  the  multimedia  filter  did  not  complete  the  backwash  cycle,  what  action 
s!ic)uld  be  taken  to  Insure  the  backwash  times  will  work? 


What  action  should  be  taken  If  you  notice  that  a  R.O.  vessel  Is  cracked,  broken  or 
leaks  around   the  seals? 


Before  operation,  you  notice  that  a  circuit  breaker  Is  hard  Lo  operate:  what  action 
should  you  take? 


What  preventive  maintenance  Is  required  on  a  high-pressure  relief  valve? 
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SUMMARY 


oreanlc  matter,  minerals,  sails    aJI'turbi Si?., ^'^  ^^^essive  amounts  of 

the  water  should  be  cool 'and  c^^aJlor  ^SnsLpUo^^  pf^?/'''?:  "'""u''  ^^"'"^'"''^  '^"'^ 
and  ROWPU  are  used  for  contingency  OTOrJ?ions        o;o„fH        T^'*'  '^'^  RRDLATOK 

of  water  are  important  consiSer^JfonflSd  ?hf  Jh-^I^yl  !  f?^^'  •'^^'^S'^"'  w'^ter.  .Sour.:e« 
Water  reconnaissance,  site  selection  and  diS^oJml^?'*''^^'^'^^  known, 
working  conditions.     Equipml^t  mis^bl  Jp^^Itij^'S' Jf!,'^^^''"'^'^^         ^ood.  safe 
process  safe  water  for  a  required  demand      oJ^  vo,^  maintenance  must  bo  performed  to 
you  may  return  for  the  advanced  5-level  courses  ^h?ch        ^."1"  "  ""-^^^^^  ^^^''^  • 

and  troubleshooting  of  both  field  liter  pJriffcaUon  unft's     "  '"'"'"^  operation' 


REFEREMCK 
T.O.  40W4-13-1 
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3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  Air  Force  Base,  Texas 


SW  3ABK56631  000-III-7 


SWIMMING  POOLS 


OBJECT I VKS 


Using  Information  from  AFK  91-26  relating   to  the  operational  principles  of  swimming 
pools,  match  the  facts  and  terms  to  the  identifying  sli  tements.     Eight  of  the  twelve 
matched  statements  mu&t  be  correct. 


While  at  the  base  swimming  pool,   identify  the  construction  features  and  major 
components  of  the  pool  by  making  written  responses  to  complete  a  diagram.     Fifteen  of 
the  twenty  responses  must  be  correct. 

While  at  the  base  swimming  pool  and  given  information,  list  the  maintenance 
requirements  of  the  pool.     No  more  than  one  instructor  assist  is  allowed. 


INTRODUCTION: 


All  Air  Force  bases  have  swimming  pools  for  Air  Force  personnel  and  their  families 
to  use  and  enjoy  on  their  off  duty  time*     If  germs  or  sick  people  are  in  the  pool,  it 
may  lead  lo  the  spread  of  diseases.     Contaminated  pool  water  may  cause  the  following: 
colds,  respiratory  Infections,   typhoid  fever,  cholera,   infectious  hepatitus,  intestimal 
disorders,  and  eye,  ear,  nose,  and  throat  infections.     The  Air  Force  needs  skilled  pool 
operators  to  stop  the  spread  of  these  diseases  and  to  keep  the  equipment  operating 
properly. 

The  water  In  a  swimming  pool  must  not  be  cloudy.     It  would  be  hard  for  a  lifeguard 
to  see  a  swimmer  that  is  struggling  in  cloudy  water.     Not  too  many  people  would  like  to 
swim  in  a  pool   that  has  a  cloudy  appearance,   the  water  must  be  clear  and  attractive. 

The  pool  operator  must  ensure  that  the  equipment  is  In  its  best  possible  of^erating 
condition.   First,   if  the  equipment  is  operating  properly,   the  quality  of  the  water 
should  be  clear.     Second,   the  proper  operation  of  the  equipment  saves  money  by  the 
elimination  of  the  following  pool  maintenance  items.     Excessive  chemical  use,  the 
replacement  of  worn  parts,  and  frequent  dumping  and  refilling  of  the  pool.     To  keep 
these  conditions  from  occurlng  the  pool  operator  must  follow  the  proper  operating  and 
maintenance  procedures. 


vSource  of  the  Water 


The  water  that  is   to  be  used  In  an  Air  Force  swimming  pool  must  be  approved  by  the 
base  medical  personnel.     Water  is  added  to  a  pool  either  in  the  deap  end  just  above  the 
surface  of  the  pool  or  In  a  make  up  tank.     The  method  that  is  used  to  add  the  make  up 
water  depends  on  the  type  of  filtration  system  that  is  used. 


PKINCIPLES  OF  OPblKATION 


ERIC 


Which  is  not  attractive  in  app^«!nce.    Not  Jllv  wn.nn'?^  cloudines-s  i,.  the  pool  water, 
factors  would  be  involved.    A  swim^?  th^?  is  str!^^?  it  be  unattractive,  but  safety 
hard  time  seeing  where  to  go.     The^JrbiS  water  w  ^fn^"*^  '°  drowning,  l.as  a 

water  objects  and  other  bathers!    To  leiermtne  iHif  ^ItT^  '^."'^^'^ 

inoh  black  disc  is  used.     It  Is  plaLd  frSe  dleu  ^"  ''""^        ^"'•i"^'  »  ^i'' 

from  the  edge,     if  the  disc  appears  rlouSv    then  LCl.^  h"®  ""^'"'^'^lly  ten  feet 

diatomac-jous  earth  filter      t?  «„»„;:«  7^'     '      backwash  the  pressure  sand  or 

sulfate,  a  coagulant'^Jj'^^dded  S^fJ  e'^SelirLr^i^L^rf/^!!^'- 

suspended  particles.  nicer.     This,  will  aid  m  the  removal  of 


TEMPERATURE.    The  temperature  of  the  water  at  «n  «„.^ 
air  temperature.     It  is  very  difficult  to  control  ?k  "i^  be  affected  by  the 

temperature  of  the  water  at  an  indoSr  p^Sl  nnt°  ^^''^^''^ture  of  this  type  pool."^  Tie 

temperature  of  an  indoor  pool  whicris^eatei  iJ  r^^r*"®",       decrees  K.     The  air 
than  5  degrees  warmer  nor'^more    ,  aS  2  de™  cJoUr      an".,  "Ot  be  more 

would  be  ideal  for  the  air  temperature  t^  be  5  deg^ees  wirmer.**''^'  ""^ 

7.2  s-7.j?^  ?^B'^..':cs^ris^°?LertL'^rLd'^^?r;re'^''^^'•"•  '^'^  -^'-^^ 

results  are  recorded  on  AF  Form  ?0H      wJen  th^  .o^/      '^"^  '''^'"'^  ^'"""^  '^'"^  the 

85-13  Should  be  used  for  the  Jroje^ ' te!f ing'jLc^eSirr''"'"''  ^"^'^  '^''^ 

corrJIe"thelJ:[  iip^S.^'^1J't;rwf?e%^  Js't^'^Jlkf l^•  e  ^.^"^-"^^^  ^"'^  '^"^  "^^^  '^^^ 
Irritated.     High  alkalinity  hinders  di^^infl^H        *  ?f'  '"Others  skin  will  be 

deposits  in  pipes  and  filters      JJ  aJlSSt  the  S;  the'n^  T'"^ 

lime  to  the  influent  line  or  the  pool  fUte?!  ^  ^""^  operator  should  add  soda  ash  or 

CHLORINE  RESIDUAL.     Maintaining  the  chlorine  residual  i« 
the  operation  of  an  Air  Force  swimming  dooI      Since  -55  t    -^n      """"^  important  factor  in 
not  removed  by  the  filters,  it  must        eliminaJin  L  -JO  percent  of  the  bacteria  is 

important  that  the  chlorine  reswSl  be  ieoJ  Jt  ?he^r±^  chlorination.     it  is  very 
chlorine  residual  must  be  kept  between  0  4  to  J  fi  nr.?  ^"^"^  ivailable 

make  the  test,  take  samples  from  aU  ^oS;  co?n2;s  '^'^he  IT.t'tl'       ""'''^  ''''''' 

inters  ^^^"^^^athe^r?^^;l;:n"t:  irLi\r.i'.-  g^^^o^T     t  — 

oTioo'Jie-ar"?''^^^''  ^  oJerato^^^shouS  c^^lir^^JJaJ^-^^,---,  , 

Cood*Ld'°Icc:Sa;e  re'cor^rarT;e%^°''i:iorta'^?%o^?;e'"r ^  'l}'  '••^V 
that  routine  tasks  are  being  done  on  m me  aL^hoi!  operation  of  the  pool.     it  ensures 
also  aids  in  the  detection  5f  thi  causes  oJ  JhesrnroHi'  ^"  ^'"^  "Peration.  It 

find  false  readings  and  any  equipment  mllJLcMon  tn-?^^"^'  *"en  you 

addition,  this  form  keeps  a  r^coSd  Si  JJe  rh^mwi       ^""'y  because  of  them.  In 

Figure  7-1  shows  AF  Form  708  chemicals  and  the  quantity  of  water  used. 
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SHIIMING  POOL  OPERATIONAL  LOO 


riLTEWS  

a  OI*TOIIACEOU$  CMTN 

Cj  samo  rafssuKC  Q  sano  ckavi 


TYPE 


PID  CNLOaiNE  [□ 

IDDIME 

N9I0HS 

>    DATED  CAf 

**CITr  (Omtm) 

DLO&  HO, 

DATC  {frmm  •  tm) 

1  vI'LKAIIiJNa 

SUMDAY 

1  MONDAY 

TUESDAY 

VCDNESDA1 

r  THURSDAY 

FRIDAY 

SATURDAY 

initials; 

IrvMriirc  TIME 

OPD  1 

1  TOTAL  «ftT»  K. 
|ci9QiLATC0  (Oml») 

OPD 

Imaim  catcher 

1  CLEANED 

YES 

HO 

Tyes 

NO 

YES 

NO 

YES 

r 

... 

YES 

r 

"1 

MO 

OPD  1 

1  Tim  poof.  "~ 

1  VACUUMCD  r«»«r«, 

Ikecikculatioh 

LO  1 

Ikate  (04t:»  pmw 
IriLTE*  mnutn 

OPD  1 

Iano  r»EtSU»E 

w — 1 

ItACKVASN  KATE 
loitlNFECTAM^ 

OI»D  1 

iKEtlOUAL  fFr«« 

1 mw9B f  flVf •/ 

LO  1 

1  ^ 

LD  1 

IdI  ATOMACEOUt 
IriLrclAlD  USED 
\(LM 

OPD  "j 

loltlNriCTMT  UM» 
IcNEMICAL  UflCD 

OPD  1 

OPD  1 

1  WATED 

TIMf 

TEMPI 

TIME 

rEMp 

TIME  1 

rEMp 

TIME 

TEMP 

riMC 

TEMP 

TIME 

TEMP 

TIME  |1 

rEMP 

LC  1 

1  AID 

TIME 

TEMP  1 

TIME 

rEMp 

TIME  1 

rEMp 

TIME 

TEMP 

TIME 

TEMP 

riNE 

TEMP 

TiME  \\ 

rrsF 

LO  1 

1  TIME  POOL  OPENCD 

LO  1 

1  riME  POOL  aotEo 

LO  1 

1  TOTAL  MO.  or 
1  DATNlDt  UtIMO 
1  POOL  (B^ttmrntm) 

LO  1 

Imaximum 
Idatmino  load 

LD  1 

IPDEVENTIVE 
ImeDICAL  tCDVICIt 
Idcpd  (imiiimim) 

SiD  7S  'MWIOMS  COITIDMD  AOS  ODDOLSTC* 


Figure  7-1.     AF  Form  708 


Seasonal  Care 


OPENING  OF  BASE  POOL  FOR  THE  SEASON.     Before  an  Air  Force  nool  nn^n..  it 
should  be  rtPAinoH     4f      .     ,   inventory  of  all  the  chemicals  that  are  present.     The  oool 

authority  Approves  o;°U.e%o^5f??o;si5  tJe  ".HtlT  '''''  I'ase  medical 

shou?5'S  JonT3;S?rtrpS'S-cloLJ'''^  "-^^^        -^"^^  bac.was..ed.  U 

and  leaves  f rom  the  p^o! .     I f  there  S  ;cum  nn^tr^  '^'^  s'^''^, 

be  removed  by  overflJ^?ng  or  flooding  fhrio}      *"^!'"  ^"'^  '"^s  can 

keeplns  routine  sl.ould  be  performed  everyday  1°  Til  tioZ. 

caused  by  ice.  logs  should  be  placJd  i^  the  pS!         ^  ""^  """^^ 

Safety 

when*^lJ°!"«"?nh«?J^,''/*'r}'  gas  which  has  a  stiffling  and  suffocating  effect 

rreler^'S^cy'?"  ^  ^'^  J^i^.r JufJSrijfne^-oJ^  -"^L";  1?-.;'^;.  ri^ed 

bot„  the  chlor.nato^'^Id  c,"Ji;j;rl"l„r"°^il°?"e"?LK?"'J„1?  d"  }  c",  l,!';i"„':''::rj'°"^ 
present,  hold  an  opo,,  tattle  of  ammonia  ,ater  near  each  connection.     I?  ileJJli 

?^!^':f;e\f  ?jme%:^Lie?is  r}'the'°L"i„ti;' ?r^:5j;.^'- r"n\^ 

be  replaced  with  a  new  bottle.  btront  or  weak.     if  It  Is  weak,   It  must 

hathe"I.°°i;[s':;i,d'1n?JSje'Lf;';Se''™K"nd°°S:»»  "««""'""^ 


ErIc 


The  pool  operator  must  be  suro  that  reach  poles,  floats,  ropes,  and  any  other  safety 
equipment  is  easy  to  get  to  In  case  of  an  emergency.     A  telephone  will  be  placed  In  a 
central   l«Hi:init)ii         a  list  of  all  emergency  phoriu  miMhiM's  w\M  :> »  ;).),^l:od  nearby.  ?nero 
must  be  a  first  aid  room  which  wlM  have  a  first  aid  kit,  with  cots*and  blankets. 

INFORMATION 

CONSTRUCTION  FEATURRS 

Types  of  Pools 

The  types  of  pools  the  Air  Force  uses  varies  due  to  several  factors  such  as  the 
location  of  the  pool,  climate,  and  the  source  of  water.  Circulating  type  pools  are 
used  mainly  by  the  Air  Force, 

CIRCULATING  POOLS.     In  circulating  pools,  the  water  is  constantly  removed  from  the 
pool,  filtered  to  remove  suspended  matter,  disinfected  to  remove  any  pathogenic  organ- 
isms, then  made  slightly  alkaline  for  the  proper  pH  and  pumped  back  Into  the  pool. 
Water  is  added  as  nemlod  to  make  up  for  losses  due  to  sovi?ral  factors  such  as 
evaporation,  loi\:i;5.e,  h,w\  ovorflo^;^ 

The  Air  Force  uses  this  type  of  pool  since  It  Is  the  most  sanitary,  and  also  th.» 
most  economical.    There  are  three  main  types  of  circulating  pools;  overflow  trough,  deck 
level  and  wading. 

OVERFLOW  TROUGH  POOLS.     With  this  type  of  pool,  a  continuous  troi  /  raiu  la 

the  bottom  Is  built  Inside  the  walls  of  the  pool.    As  the  filtered  wp.*-  "  or 

bathers  splash  water  out  of  the  pool,  water  overflows  Into  the  trough.  « . " 

contains  most  of  tho  rioatlag  debris,  spit,  and  mucus  in  vhe  pool.    Th:  v     ! thor 

returned  to  the  filters  or  in  some  pools,  it  Is  discharged  to  wastv».  ^ses,  all 

of  the  water  msut  be  rntiinm^l  to  the  filters.  Tiie  troughs  not  oul  sict*c)nahlc 
material,  but  they  also  act  as  a  hand  hold  for  the  swimmers. 

DECK  LEVEL  POOLS.     With  this  type  of  pool,  the  water  level  is  malntainecl  up  to  the 
level  of  the  surrounding  pavement.    There  are  no  overflow  troughs  used,  but  the  paving 
around  thii  pool  slopes  up  fron  it  Into  a  '*V"  shaped  trough  with  a  drain  In  the  bottom  of 
it.     As  thi?  water  ovcrflowis  across  a  portion  of  tho  pavl  nj^  to  tho  li'>l.l  m  of  hho  ''7*',  Khi} 
water  is  either  discharged  to  waste  or  returned  to  the  filters.     This  will  depeni  u;j.».i 
th<»  desii^rn    if  the  pool. 

The  advantai:(?s  tyf  usi:i;:  tht>  deck  level  pool  are  as  follows:     (1)  ??a??ler  to  keep 
clean,  (2)  cost  less  to  build,  (3)  offers  a  greater  depth  'jT  water  Tor  the  same  depth  of 
excavation.    The  main  disadvantage  of  this  type  pool  is  that  a  lot  of  water  gets  on  the 
dock.     If  this  happens,  then  a  rectangular  drain  with  a  grating  for  a  cover  must  be 
used. 

WADING  l>O0LS.     These  pools  are  small  pools  for  chilc|r<»n  t*)  swin  or  jiluy  I/u  T»i»se 
snail  pools  nr**  'nucl.  harder  to  maintain  than  swimming  p(>ols.     Tlie  pool  op.MMl  (ir  should 
Make  the  same  teshs  as  for  the  swlmminK  pool.     The  operrclon  is  very  similar  to  Wx^t:  of 
t!i«»  swIfH'nln.'^  pool. 

MAJOK  COMPONENTS 

Hal f  catcher 

The  water  that  is  going  to  the  filtration  systein,  must  pass  through  a  hair  catcher. 
The  purpose  of  the  hair  catcher  is  to  remove  hair,  lint,  and  other  large  bits  of  Forelirn 
matter.     The  hair  catcher  Is  Installed  in  the  effluent  line  on  the  suction  side  of  the* 
pump.     TIio  liair  catcher  consists  of  a  wire  mesh  or  a  slotted  metal  bucket.     Figure  7-2 
shows  the  hair  catcher  and  figure  7-3  shows  whore  the  hair  catcher  Is  located  in  a  typi- 
i:al  pool. 

I'liii;)-;  inii  motor?; 

A  <'.eiil;ri  fugal  pump  Is  usrd  In  pumj)  the  water  through  the  flllral.lon  system.  These 
pumps  are  drlv.Mi  by  an  electric  motor.     There  nay  also  he  a  dlesol  eni;!  rie  for  a  stand-by 
power  source.     This  will  provide  power  In  the  event  of  a  power  failure.     These  purnps 
must  be  built  so  that  the  pool  water  can  be  filtered  every  six  to  eight  liours.  F^i/ure 
7-3  shows  where  the  pump  and  motor  Is  located  at  a  typical  pool. 
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Figure  7-4.     Prussure  Sand  Filters 
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PllKSSUKl-;  SAND  J'MM'fcillS.     This  type  of  pool  filter  is  the  same  kind  that  is  used  in  the 
Iroatment  of  drinking  water.     The  operational  procedure:^  and  the  backwashing  steps  are 
the  same  al-so.     There  are  two  types  of  pressure  and  filters,  horizontal  and  vertical. 
Fii;uro  7-4  shov';.-  the  iiorizontal  type. 

l)lATOMACb;ou;>  KAHTH  FTI/rKli.     The  Air  Force  uses  this  type  of  fiUc^r  for  several 
ffiasons.     First,  the  filter  needs  less  space  to  operate  than  a  pressure  sand  filter  of 
the  same  capacity.     Second,  the  diatomaceous  earth  filter  produces  a  better  quality  of 
water  than  a  pressure  sand  fUter.     There  are  two  types  of  diatomaceous  eartli  filters: 
prcissure  and  vacuum. 

miKSSUIifc:  TYPIiI  FILTKH.    TIiIs  type  of  filter  has  elements  tliat  are  inside  a  sealed 
mk.     Wlien  the  filter  Is  In  operation,  it  Is  pressurized.     This  type  of  filter  process 
is  very  similar  to  tliose  used  to  treat  municipal  water.    The  operational  procedures  are 
also  very  similar*     The  pool  operator  should  backwash  when  there  is  a  pressure  drop  of 
:i5-r>0  psi  between  the  filter  gages.    This  figure  may  vary  since  those  units  are  made  by 
several  different  manufacturers.     Figure  7-5  shows  the  pressure  type  of  D.E,  filter. 

VACUUM  TYI>K  FILTER.     This  type  of  filter  has  an  open  tank  with  the  elements  att:\ched 
to  the  bottom  of  the  tank.    Tlie  filter  pump  is  on  the  effluent  side  of  tlie  filter.  This 
allows  tlio  water  to  be  sucked  tlirough  the  elements  instead  of  being  pushed.     The  back- 
wash rate  is  8  to  0  psi  loss  unless  the  manufacturer  states  otiierwise.     Figure  7-6  shows 
the  vacuum  type  I).   15.  Filter. 

Head  AFM  91-26,  Chapters  10  and  11. 


l^resHure  gau^;(ss  are  used  on  U.^th  the  rapid  sand  and  diatonaceou?^  <.'arth  filters. 
These  gauges  are  important  for  two  reasons.;   they  insure  the  proper  operation  of  the 
filter  and  show  when  tlie  filter  needs  to  be  backwashed.     A  pressure  gau^e  is  also  Ui;ed  on 
the  haircatcher.     This  gauge  is  found  on  the  discharge  side  of  the  hair., xtcher  and  shows 
loss  of  liead  as  the  haircatcher  becomes  clogged. 


The  rate  ni   flow  meter  is  found  on  the  discharge  side  of  the  filter  and  is  used  to 
control  and  maintain  the  proper  filter  and  backwash  rates. 

Hate  Controller 

Hate  *>f  flow  controllers  are  used  in  largo  pools.  The  controller  keeps  the  same  flow 
rati*  into  and  out  of  tlie  fiitfjr.     Figure  7-7  stiows  a  ratt;  of  flow  controller. 


Gauges 


Meters 
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through     f      Wh^  ^«  adjusted  to  control  tho  a.no.int  of  ^vatc^r  that  M  ws 
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BEST  COPY  AVAILABLE 


Ma  i  n  tt^rmncu* 


AKK  .slioulci  be;  uscmJ  when  mainraining  the  pool  and  its  compon<fnts.     The  pool 

should  bo  kept  cloan  at  all   t.imos.     The  pool   floor  should  be  vacuumed;  sides  free  of 
dirt  and  scum;  and  wat(?r  cl<iar  and  clean.     The  pumps  and  motors  at  the  pool  will  h<» 
(!h(»(:k(Hi  in  lUr  same  way  Ihoy  are  at  a  water  plant.     There*  should  he   two  hair  eateher.s 
Inr  easier  ma  i  n  t<?nan<:<?.     One  l)Ueket  can  be  cleaned  while  th<?  oth(M'  is  in  use.  These 
buckets  sliould  bn  cl<?aned  at  least  once  a  day.     To  aid  th<»  pool   op<Tator,  a  pressure 
^auge  is  found  on  the  discharge  side  of  the  hair  catcher.     The  ^auj^c*  aids  in  detecting 
any   loss  of  hf?ad.     Normally,   there  are  valves  on  each  side  of  the  hair  catcher.  With 
both  of  Ihi?  valv/?s  clos<?d,  changing  the  buckets  on  this  component  is  a  quick  and  simple 
Job.     Th(?  sand,   grav<?l  bed,   bottom,   outside  shell  and  piping  of  th<»  pressure  sand  filter 
should  bv  insp<?cted.     The  elements,    inside  shell,  outside  shell  and  pipes  should  be 
inspected  on  th<;  pressure  type  diatomaceous  earth  filter.     The  vacuum  type  diatomceous 
earth  filter  is  the  oasifst  type  of  filter  to  maintain.     With  the  open  tank,   the  ele- 
ments can  he  seen  and  work<;d  on  very  easy.     Rate  of  flow  controllers  should  be  checked 
for  leaks,    fretfdom  of  movement, and  cleanliness.     The  controller  should  be  disassembled 
and  inspecte:'..   Pressure  gauges  should  be  removed  and  tested  for  accuracy. 

Head  AKH  91-2t;,  Chapter  10,   pgs  245  thru  256. 


Swimming  is  one  form  of  tjxerclse  that  Air  Force  personnel  and  th<*ir  families  use 
tor  recreational  purposes.     To  be  usable  tlie  pool  water  must  be  free  of  diseases. 
Kor  a  pool   to  operate  propcjrly  and  have  a  good  quality  of  water,   competent  operators 
are  nei>ded. 

Circulating  pools  are  mainly  used  by  the  Air  Force.     There  arc?  thrc;^?  types  of 
circulating  pools;  overflow  trough^   deck  level  and  wading.     The  water  used  in  these 
petals  must  be  approved  by   the  bas(?  mc^dical  personnel. 

The  watt.T  leaves  the  pool  and  first  goes  through  a  hair  catcher  which  removes  hair, 
lint,  and  other  largt*  bits  of  foreign  matter.  Next  the  water  is  pumped  into  the  filter. 
The  water  is  filtered  every  six  to  eight  hours.  There  are  two  tynes  filters  used  at 
pools:  pressure  sand  and  diatomaceous  earth.  Pressure  sand  can  either  horizontal  or 
vertical.  I)i a t«)maceous  Karth  filters  can  be  either  pressure?  or  v:.cuun.  The  water  flow 
goes  through  a  rate  of  flow  meter  and  a  rate  or*  flow  controller,  and  it  is  then  chlori- 
nated.    The  water  is  awtuily  distributed  by  water  return  inlets. 

Tests  must  be  taken  to  determine  if  the  quality  of   the  pool  wat.iT  is  ac<reptable. 
Bacterialogical ,   turbidity,  pll,   chlorine  residual,  and  temperature  tests  are  taken. 
Th<?  pool   operator  should  »?nter  thi)  results  of   thesc.'S  tests  on  AK  Kor-m  7()H. 

.11  safcfty  precautions  must  he  followed  to  prev(jnt  injury  or  dejiffi.     The  pool 
operator  must  (rn.surff  that  all   of  th(j  equipme^nt  is  working  properly.     i:\t.ra  care?  must 
be  used  with  cliJorine  cylinders  and  chlorinators  to  prevent  chlorin»*  ^.is  from  Iraki  ng. 

AFH  91 -2f)  should  ije  us(fd  when  the  pool  operator  maintains  the  pool  r»r  any  pool 
compon(»n  t . 


hJUMMAKY 
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KXHHCISfc:  III-7-7a 
PAHT  1 

INSTIUICTIONS 

Uso  AFIl  91-2G  and  your  study  guidc>/workbook  to  cornpleLo  the  fol  lowing;  uu^sLionti 
1.      Who  approves  the  water  used  at  a  base  pool?  qui  siiono 


2.       Who  i^Lvos  tlio  final  approval  when  a  base  pool  t.s  openod? 


3.      What  are  the  three  types  of  circulating  pools? 


4.       What  Is  the  difference  between  an  overflow  trouijh  and  dock  level  type  |K)o1? 


5.      Wliat  type  pool  is  mo^i.  '-turA  use  J  by  the  Air  Force? 


G.       List  tlie  types;  ol  filters  used  at  pools. 

a  •  

b. 


c. 


7.       What  two  typos  of  filters  does  the  AF  use  at  base  pools? 


8.       Who  performs  the  bacterlolo^^ Icjil  test? 


9.       How  often  Ls  the  bacteriological  test? 


EKLC 
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1=1  St  th<;  <*h.':ni  •  ilr^  ip>«?:|  in  Vu}  .jp.fratlon  of  a  swlminlnK  pool. 


11.     'Vhat  Is  !;•)  .!c»  ti^rMl  ik^  IT  turbidity  is  i)re.sent  In  tin*  pool  water? 


12.     At  what  range  is  the  pll  maintained  for  safe  pool  water? 


13.     What  affect  will  a  high  alkalinity  level  In  pool  ^,Ut:v  )ui vh  (in  bathers? 


14.     V/hor(?  }iui\  how  oft'.'ii  :ir.>  siMpliiS  t;ik«?n  for  thr?  p?!  tnst? 


15.     At  what  ppm  must  the  chlorine  re^i^tual  he  maintained  for  safe  pool  water? 


IG.     Where  Hiui  how  ^^^ten  ;ir<?  lU^-  s-iijiltvi  J:a?c<?!i  Tor  tUa  oMIorIno  rivsiiJ  iiJ 


»r*'.'f.t.       1  I   :i  hi;:::  Hi'.i  ^  r.ontoiit  in  pool  water  Jijve  on  bathers? 


18.     What  is  the  number  and  title  of  the  form  used  to  rt.»<;ord  the  pll,  rh!orin«%  roslduil, 


10.     How  is  srum  removed   Troin  th<»  pool  water? 


20.     JIow  Is  rioiit.  iu;;  debris  removi.Ml  from  the  pool  water? 


•21.     What  ni:i»iu:Ll  shtHiljl  be  consul te<i  when  maintaining  swlmnlrii';  f)ool  pjipment? 


ERIC 


BEST  COPY  AVAILABLE 


PART  2 

INSTRUCT IONS 

Seloct  the  correct  t.rm  with  the  incomplete  statement  pertaln.n,  to  «wimmi„,  pools. 


1.  Bacteriological  to.sts 

2.  Chlorine  residua] 

3.  pH  test   

4.  \\ uni  num  siil 
r>.  Turhidity  Lesl 
6.  Hair  catcher 
!•  Sodium  carb(->nate 
B.  Soliuia  hypochlorit<; 


i*-.  Use  as  a  (umir.ulanL. 

b.  l)et(?nnirM?d  by  a  H"   black  (ii.sc, 

c.  Used   to  adjust  pM. 

d.  Used  as  a  disinfecUaiit, 

e.  Taki'ii   twioi?  a  wf'c?k  l)y  lIm? 
Hnvl  roiumjMtal   Ucm  I  lIi  siM.Lioru 

f.  Taken   from  corners  of  pool  ev(^ry  hour 
and  recorded  trvery  W  hours. 

g.  Taken   frr)m  i»nds  of  pool  every  :j  li.,urs 
and  recorded. 

h.  Located  on   Lh(?  suction  sid<>  of  tfu? 
pump  to  remove  hair  and  other  fon'irn 
matter.  " 


PART  :i 

INSTiniCTIONS 

pools!^"^  ^^^^  """"^  ^"^^^'^  following  questions  cone 

1.      What  iF  the  purpose  of  the  hair  catcher? 


concerning  swimmini; 


2,       Kxplain  the  purpose  of  the  water  return  inlets. 


"^'uJll  poiu  procedures  a  .s.imming  pool  operator  perf.nns  at  a 


a. 


d. 


ERIC 


List  the  purpose  of  liaugos,  motur-s  and  rate  control leps» 


List  the  two  main  typos  ami  the  functions  of  filters  used  at  swlmmiri»;  pools. 
Tyi»'*  of  "Utor  Fiictloa 

1 


i 

/•I  s.t  oporatla*;  proc*^ inrias  art?  taUon  wheii  a  ba-^e  s^vlmininj  po«'»l  Is  opened  for  thv 

a.      

b.        _ 

c.    

d.     

e .   ^     

f  .   

g-   

h.    

i  . 


Wliat  sti?ps  are  taken  for  the  shut  down  oT  t\vi  pool   for  the  season? 

a.         

b.    

c. 


EXERCISE  III-0-6b 


INFORMATION 


EXERCISE  III-6-6e 

During  the  field  trip  to  the  base  swimming  pool  and  traininz  area    vi«w  t...  n 


EXERCISE  III-7-7b 
PART  1 


PART  2 


REFERENCES 


'l\lil'±.'Te^^^^^^^^^  Distribution  Systons 

?!  t:?SJ?"Fi'eIa°Wa?S":pj;;  purification  Unit.  Haverse  Osmosis.  GOO  GPH 
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3770  Technical  Training  Group 
Sheppard  Air  Force  Base,  Texas 


PC  J3ABR56631  OOO^IIUl 


WATER  WELL  OPERATION  AND  MAINTENANCE 

OBJECTIVES 

Given  incomplete  statements  about  ground  water  and  water  wonr> 
statement  by  making  written  resuonses.     Pour        iho  li^  ^^^e**  wells,  complete  each 
6  wrxuucu  rtf^ponses.     Four  of  the  six  responses  must  be  correct. 


ERIC 


PROGRESS  CHECK  Ill-l-^la 
I.      Two  types  of  aquifers  are  the   and  the 


2.      The  inost  reliable  method  of  establishing  that  ground  water  i 


s  present  is  by  finding 


3.      Two  methods  of  constructing  a  well  are  the 

  ,  and  the 


4.  Backwashln,^  or  surging  a  well  is  done  because  the   pi^g.^, 

5.  List  two  of  three  methods  used  for  cleaning  well  screens. 


6.      The  recommended  dosage  of  chlorine  for  superchlorlaatlon  of  a  well  it 


 STOP  

Before  proceeding  any  further  have  the  instructor  check 


your  work. 

  Instr  Initials 
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COURSE  J3ABR56631  000 


7  Aug  86 


ERRATA  SHEET 
FOR 

PROGRESS  CHECK  J3ABR56631  000  III 


^AGE  ACTION 

Replace  with  attached  pg  6«3 

-^"^  Replace  with  attached  pg  6-5 

6-11  Replace  with  attached  pg  6-11 


657 


PROGKESS  CHECK  IIl-6-a 


1  RAW  WATER  PUMP 

2  600  GPH  WATER  PORIPICATION  UNIT 

3  CLEAR  WELL  (STOKAGK  TANKS) 

4  DISTRIBUTION  PUMP  WITH  NOZZLES 

  STOP   

Hofore  proceeding  any  further.  huv«  the  Instructor  <.h«ck  your  work. 

 Instr  initials 


/  6^3 
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PROGUKvSS  Oi^VK  [I[-«-b 


INSTKUCriONS:     U.sint'  the  dravin^        the  (RRDLATOR)   field  *ater  purification   tank  ^fi-„.« 


Ki|{iire  6-1 .  Erdlator 


nrDpon«Ml  t.S 

a. 

l)own<!()iiu*r  tube* 

K. 

Sludge  conotfntratur  hank 

b. 

Baffle  rings 

h. 

Affluent  laiindt.T 

c. 

Circular  discs 

i . 

Hat  fie 

d. 

inf  Iut?nt  laundffr 

J- 

W<.»r.  wel  1 

e. 

Aiiitator  shaft 

k. 

Mixing  zim*: 

f. 

Separator  /.fine 

Clarification  /on<! 

Before  pr.,oeedin,;  any   further,   have  the  Instructor  check  your  v^ork. 

 InsLr  in  i  1 1 als 
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PROGRESS  CHECK  III-6-e 


INSTKUCTIONS:     Match  the  numbered  areas  on  the  RO  unit  co  u.e  w    •  . 

Of  U  must  be  corr.cc,     TO  40.4-13-1  n,ay  be  usel  Til  ;tems^n'r^e\,seT^';ir:^c«r^"^"'' 


® 


0 


Us- 1 1® 


PlKure  6-3.    RO  Uni : 


Components: 

a.  nistr**     Mon  pump  

b.  Padd  

c.  NBC  .anks  

d.  Folded  product  Wr^.^r  tanks 

e.  Slndise  hammer 


f.    Raw  water  pump 


g.  Utility  pail 

h.  Backwash  pump 

i.  Storage  boxes 

j.  Brine  tanK   

k.  Rubber  hose 


STOP 


Before  proceediag  any  further,  have  the  instructor  check  your 


your  work. 


 Instr  initials 


8^11 


6Gu 


ERIC 


PROGRESS  CHF.CK  [Il-l-b 
^:^ART  1 

INSTRUCT low.:     Identify  the  following  definitions  usln^  the  correct  term. 

1.  The  level  of  ground  water  in  a  wer  '   fore  pumping  is  _ 

2.  TMs  is  the  maximum  number  of  gall  n«  ner  mimit*^  th»it  r*u..  .      ^  « 
over  .                period  d,.rl„«  Shlc^'thrjulSpJl'rr.'J:' irLutJ^S' 


4.      The  total  lenfth  of  the  air  line  ii?  also  called  th? 


PAKT  2 

INSTRUCrrONS:  Using  the  followlnjj  Information  calculate  the  static  J.vel  nu^mn  ^  , 
and  drawdown  of  wells.  v-ax^-uxa me  steno  ?dvel,  pumping  level 

1.  Calculate  the  static  level  if  the  length  of  the  air  line  is  70ii        «nrt  ty 
before  pumping  is  10.  '  ^"^"^  t*^^ 

2.  PSI  while  puniplng  is  7.  calculate  the  pumping  level. 

3.  Calculate  drawdown  when  the  psi  before  pumping  is  25  and  the  .^i  while  pumping  is 


 STOP  

Before  proceeding  any  further  have  the  instructor  check  your  work. 


 In.^tr  Initial.^ 
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WATKR  TKKATMKNT  l>KOCKa«b:i> 

OBJKCTIVES 


Given  information  related  to  water  rl  nr  <  f  <  on   4  *  u     ^  ^ 
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PROGRESS  CHECK  III-2-a 


INSTRUCTIONS:     Match  the  terms  in  Column  B  to  the  stat^monto      a  .  . 

Some  terms  may  be  used  Snce.  ;wJ2l.'Jr  n^"!?  ^u/""'"  ^^^^'"^ 


COLUMN  A 
^  I.    Process  of  becoming  clear. 

^  2.    Process  of  clarification  occurring  at 
the  reservoir, 

.  3.    The  reaction  of  a  coagulant  in  water 
that  causes  it  to  clot,  curdle,  or 
congeal  into  a  mass  or  group. 

.  4.    Two  substances  that  must  be  in  water 
for  coagulation  and  flocculation  to 
occur. 

5.  Temperature,     H,  turbidity,  chemical 
composition  of  water,  degree  of 

agi tation. 

6.  Procedure  used  to  determine  the  cor- 
rect dosage  for  coagulation-f loccula- 
tlon. 

7.  Process  used  to  remove  settleable 
solids. 


Process  used  to  remove  suspend*  '? 
materials.     It  is  also  the  fas^  n 
way  to  cU  -ify  water. 

9.    To  cauee  to  separate  from  solution 
or  suspension,  to  fall  or  come 
suddenly  out  of  solution. 


COLUMN  8 

a.  Adsor^?:"'on 

b.  Jar  test 

c.  Plain  sedimentation 

d.  Precipitate 

e.  Sedimentation 

f .  Filtration 

g.  Coagulant  and  alkalinity 

h.  Factors  affecting  coagulation- 
flocculation 

i.  Coagulation 
J.  Clarification 


 STOP  

Before  proceeding  any  further  have  the  instructor  check  your  work. 
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PHOGKESS  CHECKLIST  III-2-b 
instructions:    Complete  the  fell.     n«  statements.    Seven  of  ten  ^uestio.s  .ust  be 

I.      The  removal  of  Ca  and  Mg  compounds  that  cause  hardness  in  water  is  called 


2.  Temporary  hardness  is  called  h^^r,„^^^ 

  hardness  and  permanent  hardness 

is  called  hardness. 

3.  Temporary  hardness  is  caused  by  what  four  con-pounds. 


a. 
b. 
c. 
d. 


4.      Permanent  hardnese  is  formed  by  Ca  and  Mg  combining  with 


and 


5.      Two  methods  commonly  used  to  remove  hardness  from  wat 


are   and 


6.      Which  method  of  softening  completely  removes  hardness  from  water? 


7.  Two  Chemical  tests  that  can  be  run  to  determine  carbonate  anc  noncarbonate  hardness 

— -   and  ^   tests. 

8.  Two  Chemicals  used  in  the  femoval  of  temporary  and  permanent  hardnoss  are 
 and  

9.  The  chemJ-  '  used  to  remove  tesporary  hardness  is 

10     The  r;:»emi.    i&  used  to  remove  permanent  hardaess  are    and 


 T,TOP  


Before  prcce«<ding  any  further  have  the  Instructor  check  your  work. 
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PROGRESS  CHECK  III-2-c 

INSTRaCTIONS:     List  the  methods  used  to  re.ove  tasto.  o.lor  and  .oK.r. 
1.      List  three  ways  to  control  taste  and  odor, 
a.   ^  


2.      List  four  methods  to  control  color, 
a*  

b.  ^  

c.   

d. 


 STOP  

Before  proceeding  any  farther  have  the  instructor  check  your  work. 
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PROGRESS  CHECKLIST  Hf-2-d 


INSTRUCTIONS-  ^ntc  :hB  rerm&  in  Column  B  with  the  facts 
be  correct.    So^.j  tt.STi<5  mf^y        used  once,  twice  or  not  at 


in  Column  A,  Six  of  ten  must 
all. 


2. 

3. 
4. 


7. 


9. 

lU. 


'UV^^n  A 


 1.      The  tt'i.,  a  w '  v^':  Tj  i 

Water  to  cxlo 


£'f>d  ^Ikr-linXty  of  d 


equi.libjri.^.  VA^ic, 

i^bilizing  lime  softened 


Two  methodf>  uf 
water. 


Used  to  kill  pachogenic  bacteria. 

The  forms  of  chlori.ne  used  to  disinfect 
water  are  CI2,  C'lty^,  rii(0Cl)2  and 


Is  the  term  which  is  applied  to  the 
available  chlorine  which  remains  after 
the  chlorine  demand  has  been  satisfied. 

The  chlorine  preser^t  in  water  which 
reacts  with  ammonia  or  nitrogen  to  form 
chloramines. 

One  of  three  methods  of  chlorination  that 
produces  a  residual  of  free  available 
chlorine,  with  no  combined  chl(  .  ine 
present. 

Three  forms  of  fluorides  used  to  fluori- 
date water  are  NaP.  Na23iP6  and 


Desired  amount  of  fluoride  in  water. 

Three  chemicals  ased  to  defluoriiiate  are 
activated  alumina^  bonechar  and 


a.  H^sidual  chlorine 

b.  H23iF6 

c.  1.0  ppm 

d .  Kecarbonation 

e.  NaOCl 

f.  Marginal  chlorination 

g.  Stabilization 

h.  Combined  chlorine 
i*  Magnesium  compounds 

j.  Break-point  chlorination 

k.  Chlorine 

1»  Hexameta  phosphates 

m.  HP(OCl) 


 STOP  

Before  proceeding  any  further  have  the  instructor  check  your  work. 
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3770  Technical  Training  Group 
Sheppard  Air  Force  Base,  Texas 


PC  J3ABK56631  000-11 1-3 


MONITOR/OPBKATK  AND  MAINTAIN  WATBR  TRH^TMENT  PUNT  «,.,IPMKNT 

UBj!!:CTIVES 

Given  statements  about  chemical  mlxin»r  tankc  HH=n*<# 
statements  concerning  the  monitoring  and  of««??o;;  ^    ^ °'  ^""^^^  the 
th«  four  must  be  correct!  ^"'^  or-sration  of  chemical  mixing  tanks.    Three  of 

opera?"n'"Sf%Un{'ciSjSne^^s'?y'Sa5i\ra"';if:L:  -"^tor  the 

than  three  instructor  ^siSts  a?e  SlSSeS.  response  iaw  a  cheoklist.    No  more 

Using  infomatlon  and  the  water  ninnt  . 
the  trainer,  with  nc>  more  than  three  ina  tructor  assists         *  njonitor/operate 

perfo™';i;e';^;:?;:i°L";eii;.e*'irtSe'^;JaL^:J"L^/"'  r'^r^'  •^"•^  -  -  team, 

problems  must  be  performed  cowlcJly.  "'^  equipment.    Pour  of  six  maintenanc^ 

Five  o?'se've*rm!st'S4  co?ScE!  ''^'^"^'^'^  concerning  the  purpose,  and  types  of  aerators. 

Three"o}"fi;:"m2st'Se  ToltecV!'  procedures  used  for  each  type  aerator. 


ERIC 
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PROGRESS  CHECK  IIl-3a 


 t'milMii^  "  ."er  r,.„l„  continuous  „ 


 STOP  

Before  proceeding  any  further,  have  the  instructor 


check  your  work. 

-   Instr  Initials 
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PHOGRBSS  CHECK  IiI-3-b 

EXERCISE  3a 

1.      Plain  sedimentation  ajid  aeration. 

a.  What  is  the  purpose  of  the  secondare  ri.^serA;i,? 

b.  How  is  oxygen  added  to  the  water? 

c.  Is  water  entering  the  r^s«,rvoir? 

 .   anti  L 

"~   ^""^'^  to  the  water  to  control  algae. 

e.  What  type  of  pu»p  is  used  to  carry  t..  water  to  the  plant? 

f.  IS  the  water  in  the  reservoir  entering  the  over,  low? 
i'    Do  you  see  algae  growing? 

2.      Plant  chemical  mixing  storage  areas. 

a.  What  f.uoride  compound  is  used? 

b.  Why  is  the  fluoride  tank  outside? 


c.    What  two  chemicals  are  stored  in  the  silos? 


d.    List  two  safety  items  on  silos? 


e.    The  effluer.t  line  of  the  nmrnonla  tank  is  color  coded 
Why  is  the  ammonia  tank  out4,ide? 


ERIC 
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Recovery  well  and  lagoons. 

a-  From  where  is  the  water  into  the  recovery  well  pumped? 
b.     Is  water  entering  the  recovery  well? 


c,  IS  there  enough  rcom  in  the  recovery  well  for  emergency  backwash?' 

d.  List  two  safety  items  on  the  recovery  well. 


e.    What  item  of  safety  is  missing  at 


the  recovery  well? 


f .  How  many  lagoons  are  there? 

g.  Are  both  lagoons  used       the  same  time? 

h.  Is  the  lagoon  floor  r  pposed  to  be  leveled? 

ic  I«  the  water  clariv,        the  closer  it  gets  to  the  valves?  Explain. 

J.  What  type  of  isolation  valves  do  they  use? 
Plant  basement* 

a.  The  first  chemical  added  to  the  raw  water  line  coming  into  the  plant  U 


b.  Another  water  line  joining  the  raw  water  supply  before  it  goes  into  the  parshal 
flume  comes  from  the 

c.  What  does  the  air  compressor  do? 

d.  Ar«  the  shafts  to  the  slow  mixing  paddler  for  the  flocculator  in  operation? 

e.  How  is  the  lime  taken  to  the  silos  and  to  the  plant? 


67' 
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5.      Jtjaboratory  • 

^'    !;^?eJ"?esUn^T  ^'^"^^^^  ^«         1^^'  ^^^t  the  two  methoc^.  used  tor 

b.    List  five  test  performed  in  the  lab. 


c.    List  three  types  of  glassware  items  in  the  lab. 


d.  Why  is  the  water  running  in  the  labi* 

e.  How  often  are  the    .?sts  run  in  the  lab? 

f.  Safet         bat  safety  rrecautions  are  followed  in  the  lab? 
6.      Water  control  panel. 

i>.    imt  is  the  discharge  pressure  on  the  Jlnp?    (sead  Dlsoharte  Pressure  Keter). 

Gaug^r  °*  ""'^^  "'^  '''^  reserve,  (Read  Reservoir  Level 

1,      Pump  panel. 

a.  How  many  pumps  are  used  for  raw  water? 

b.  How  many  pumps  are  used  for  treated  water? 

c.  How  do  you  know  if  the  pump^  g? 
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8.      There  are  three  main  isrouus  of  Ghemioai  f^^A^. 

the  following  exercisi.  chemical  feedeis;  gas,  solution,  and  dry.  Complete 

a.  A  "V"  notch  chlorinator  is  used  to  feed  chlorine  _ 

b.  Record  lbs/day  of  chlorine  being  fed  as  prechlorination. 


c.    Record  lbs/day  of  chlorine  being  fed  as  post  chlorination. 


d.  What  is  the  total  lbs/day  chlorine  being  fed? 

e.  How  many  one-ton  cyt  nders  are  connected?   

f.  How  many  cylin  <3rs  are  being  used? 


g.  18  the  exhaust  system  for  chlorine  feed  room  free  of  obstructions? 

h.  IS  fluoride  being  fed  into  the  water?    Yes    No 

i.  What  type  of  fluoride  chemical  feeder  do  they  use?  _ 
J.  (That  Is  used  to  stabilize  the  water? 

-V.  Where  is  the  stabilization  done  in  relation  to  filtration? 

l-  is  lime.  CaO,  being  fed  into  the  slurry  mixer?   

m.  CaO  'f  Hon  wil^  vie^d 

nju  wii.  yie.a    .  commonly  called  

n..  Why  is  lime  solution  fed  in  open  channels? 
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Parshall  Plume,  flocculator  settling  tanks  and  filter, 
a.    What  chemicals  are  added  at  the  parshall  flume? 


b.    List  two  things  that  happen  at  the  parshall  flume. 


c.  What  is  the  purpose  of  the  flocculator? 

d.  What  is  a  good  size  of  floe? 

e.  What  stirs  the  water  in  the  flocculator? 

f.  What  is  the  purpose  of  the  baffles? 

g.  List  two  of  three  reasons  why  floe  would  settle  out  in  the  flocculator. 

h.  What  is  the  purpose  of  the  settling  tank? 

i.  Rectangular  settling  tanks  have    for  sludge  removal  and  round 

settling  tanks  have   , 

j.  Where  does  the  sludge  and  water  go  when  it  is  removed  from  the  settling  tank? 

k.    List  three  chemicals  that  are  added  at  the  trough  between  the  secondary 
settling  tank  and  the  filters.  seconaary 

1.    What  type  of  sand  filters  does  this  plant  have? 

m.    How  often  are  the  filters  backwashed? 

n.    Do  these  filters  use  surface  washing?    YES  NO 
o.    Do  all  filters  have  surface  wash? 

p«    What  is  the  present  head  loss  on  filter  #2? 

.    How  many  filters  are  posted  on  the  gauge  panels? 

.    What  kind  of  valves  does  this  plant  use  on  the  filters? 
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s.    Where  does  the  backwash  water  go  to  after  backwaslilng  the  flltors? 

t.    What  is  the  tank  called  where  the  treated  water  Is  held,  before  it  goes  to 
distribution  system  or  storage  tank? 

u.    What  type  of  storage  tanks  does  this  plant  have? 

V,    What  type  of  pumps  do  they  use  to  move  water? 

w.    What  safety  precautions  should  be  taken  when  working  around  an  open  tank?  Name 

two  of  three*  i^«whc 

10.    Upflow  Clarifier 

a.    Where  are  the  chemicals  added  to  the  upflow  clarifier? 

h.    What  collects  the  coagulated  water? 

c.  Hem  is  the  sludge  removed? 

d.  Where  does  the  coagulated  water  go  after  treatment? 


 STOP  

Before  proceeding  any  further  have  the  instructor  check  your  work. 

 Instr  Initials 
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1. 

2. 

3. 
4. 

5. 

6. 


PROGRESS  CHECKLIST  III-3-c 

BXKRCISE  3b 

INSTRUCTIONS:     Using  the  following  operating  urocedures  &n<t  «-i.irion„»o      *  * 
bacKwash  and  shut  down  the  water  ^ra?aer  wSh^'nT^JSenha^'tSJef  i'iS??iclJriss?S?s"*"' 

OPERATING  PROCEDURES 

Close  drain  valves  on  raw  water  tank  (2),  chemical  mixing  tanks    (5^  (R^ 
flocculator  (7).  settling  tank  (8)  and  filter  (9).  '  ^  ' 

l^%ToZlldn:  """"^^^  -  "^i^"  cause 

Open  inlet  valves  to  raw  water  tank  (1).  and  on  elevated  storage  tank  (17). 
L^:?e%^iii?c^rjr?jLn%n\1rtri;  —  --^^  -  -d 

Sin"  irt:^TluTon';olil  If.''  ^''^         P^^-  the  pump. 

Prepare  chemical  solutions  (prepare  additional  amounts  as  needed  during  operation.) 

a.  Ferric  Chloride  preparation 

(1)    To  red  colored  3  gallon  container,  add  one  gallon  of  water. 

{2)    "ARBPULLYIII  Add  contents  of  one  package  of  Ferric  Chloride  powder  slowly 
^nd  stir  with  wooden  stirrer  until  powder  is  dissolved  complete?"  ^^^^ 

(3)    Add  2  more  gallons  of  water  and  stir  well. 

b.  Aluminum  Sulfate  preparation 

(1)  To  white  colored  3  gallon  contaic^r,  add  one  gallon  of  water. 

(2)  Measure  1000  ml  of  Aluminum  Sulfate  powder  and  add  to  the  one  gallon  of 
water.    Stir  mixture  with  wooden  stirrer  until  dissolved! 

(3)  Add  2  more  gallons  of  water  and  stir  well. 

7.  Pill  slurry  feeder  with  water  to  Just  under  the  overflow  line. 

a.  Add  1000  ml  of  lime  powder. 

b.  Turn  mixer  on  (switch  on  control  panel).  ■ 

c.  Recharge  every  30  minutes. 

8.  Set  each  solution  feeder  as  follows: 

a.  Check  oil  -  must  show  1/2  full  in  sight  gauge. 

b.  Place  suction  line  in  solution. 

c.  Place  adjustment  lock  in  unlock  postion. 

d.  Turn  feeder  switch  ON. 

e.  Unlock  adjustment  and  adjust  to  50%  stroke  and  lock. 

NOTE:    ![;;"!r"  »fJ"«ti«8  stroke,  the  locking  level  should  be  in  unlock  position 
list  SI  Jn  ?ockr  measuring  feed  rJte.  it 

f.  Adjust  feeder  to  20  ml  per  minute.     (Turn  dial  on  feeder  to  20.) 
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9.  When  flocculator  tank  gets  1/2  full,  turn  It  on  (switch  ua  control  panel.) 

10.  Pill  the  sand  filter  as  follovs: 

a.  Close  influent  valve  to  filter  (9). 

b.  Open  i;ullet  drain  line  valve  (10). 

c.  Open  effluent  valve  from  filter  to  recovery  well  valve  (ll). 

d.  Open  backwash  valve  (12)  until  the  capacity  of  the  gullet  drain  is  reached. 

e.  When  water  Is  clear,  close  gullet  drain  line  valve  (10). 

f.  When  filter  fills  to  the  even  level,  close  backwash  valve  (12),  open  filter 
influent  valve  (9),  and  turn  on  high  lift  pump.  *^      r liter 

11.  Before  the  settling  tank  is  full,  set  up  hypochlorinator  as  follows: 
a.    Calcium  Hypochlorite  Solution  (HTH) 

(1)  To  a  one  gallon  plastic  container,  add  one  measuring  spoon  of  HTH. 

(2)  Fill  plastic  container  to  2"  balow  the  top  with  clear  water. 
CAUTION:    When  handling  HTH.  do  not  sDlll  or  breathe  dust. 

(3)  Insert  suction  tube  into  HTH  solution.    Plug  hypochlorinator  in. 

(4)  Prime  hyp  >chlorinator.    Turn  dial  to  lO  GPD  rate. 

(5)  When  discharge  line  is  full,  turn  hypochlorinator  off. 

(6)  Place  discharge  line  tip  inside  the  settling  tank  effluent  baffle. 

(7)  When  the  settling  tank  is  full  and  water  has  entered  into  the  baffle  of 
the  settling  tank,  START  HYPOCHLORINATOR.  oarrie  of 

(8)  Set  the  rate  of  5  GPD. 

(9)  When  water  enters  the  storage  tank,  take  a  sample  from  valve  (  )  and  test 

irriS«i°f^"*  ''tf:^'^'"']'  *  ohlorine^^residual  reaSiig  fSr  tSlS 

trainer  is  anything  from  a  tree  to  0.2  ppm.  eauxng  lor  cms 

12.  a.    If  over  chlorinating,  cut  down  on  the  rate.    Take  a  chlorine  residual  test 

after  10  minutes.    Continue  doing  this  until  you  reach  the  del??ed  Si 
residual* 

b.  If  under-chlorlnating  increase  the  rate  and  take  a  reading  after  lO  minutes 
Continue  doing  this  until  you  reach  the  desired  CI  residual!  "^n^tes. 

13.  Shutdown 

a.    Turn  water  off,  valve  (1). 
be    Turn  off  lev  lift  pump. 

c.  Open  raw  water  drain  valve  (2), 

?Sc;J:?5r  ItlTe  m.""^"  *°  ^'^"•^  '''^'^ 

e.  Turn  off  flocculator  (control  panel). 

f .  Pill  solution  buckets  with  clear  water  and  purge  solution  feeders. 

g.  Drain  rapid  mix  and  slurry  tanks. 
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h.  Flush  all  tanks  with  clear  water  (use  hose). 
I.    Turn  off  solution  feeders  and  slurry  feeder. 

j.    Be  sure  the  filter  is  left  full  of  clear  water  by  backwashing. 

14.    Backwash  filter  as  needed. 

a.  Close  valve  (6).    influent  valve  to  filter. 

b.  Open  valve  (ii)  to  recovery  well. 

°-  SS.SSSTJS  It'll  ^if/'.ri?"' " ' 

d.  Probe  filter  for  hard  spots. 

e.  After  backwash  is  completed,  turn  backwash  valve  (12)  off. 

f.  Close  recovery  well  valve  (11),  open  influeat  valve  (9)  to  filter. 
K.  Filter  is  now  in  operation. 
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PROGRESS  CHECK  Ill-3d 


minor  maintenance  deficiencies  in  iSJLlleJ  equiiSnJ      iou?  °« 

total  of  five  maintenance  discrepancies  in  the  iSt^r  tra?n«r      n^^    ?!  ''^f  created  a 

a  guide,  inspect  each  component  and  co?reSt  any  SJiJteJJicfdi^crin^  T"™  ^^"^^ 

NO  more  than  two  of  the  ti;o  maintenance  pJob^L^rSrmJLed  LfsrLfi^f 
□roblam  and  4-h<i  4 o.**  *^  "uxi,iuo  may  oe  missea.    List  the  maintenance 


MAINTENANCE  PROBLEM  „^  - 

CORRECTIVE  ACTION 


1. 


2. 


3. 


 STOP  

Before  proceeding  any  further  have  your  instructor  check  your  work. 

 ^_Instr  Initials 
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MAINTENANCE  ACTION  SHEET                      | loV  "u/u  [ 

REOumED  MAINTENANCE  ACTIONS 

DCtC  MIP 

IMater 

tion  ■ 

Plant  Trainer 

WErcHENCE  BTANDAH 

HOURS 

012 

,  CRca 

'°  SIZE 

f  HEAVY 

smiJNG  im^ 

AFR  91-26 

j  .25 

w 

2 

EOF 

1 

^ispect  chain  and  spodcet  cn  flints 

Inspect  ValvB  

inspect  iidet  baffle 

Inspect  Wlers  .                                                                          .  j 

- 

Inspect  for  corrosion 

 '  —   1 

i 

1  

1 

SPPID  SAND  mnsR 

 1—  

i  APR  91-26 

.25 

W 

2 

1  1 

Inspect  for  iniformlty  of  sand  layers 

Inspect  valves 

Inq>ect  for  ootxdsIcd 

Btspect  float 

CT  ICLL 

 \  f 

.25  I. 

 ^ 

W 

Inapect  float                                                                                          I  I 

Jfaspect  eilettrlcal    j 

2 

1  1 

Insoect  tTT^rf^ 

-fesEppt  for  corroslfli  i 

•                                                           1  tWCr  INITIALS  i  

May  86                  |  | 

 i  
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nCQUinCD  MAINTCNANCe  ACTIONS 

TION 

Plant  Trail 

ler 

stanoar 

012 

HCAW 

GHBUCAL  MIXINS  1^ 

AFR  91-26 

w 

i  2 

1 

IhSMCt  flftft^ 

Insoect  mtar 

— !  

Insoect  for  leaks 

"  •  i—  
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PROGRESS  CHECKLIST  III-3-e 

'ZV'Tm  ^ll'VlVrl:?.- 

1.  Aerators  remove  gases  from  the  water. 

2.  Two  gasefi^  that  are  removed  by  aeratloa  are  and 

3.  Pour  types  of  aerators  are 


,  and 


4,      The  type  of  aerator  found  at  the  reservoir  Is  the 


type. 


5.  Bubbling  air  below  the  water  surface  as  In  a  fish  tank  Is  an  example  of  a 
 .  type  aerator. 

6,  The  type  of  aerator  that  uses  coke  on  the  tray  to  remove  taste  and  odor  is  the 
 <^ypo  aerator. 


7,      A  waterfall  type  aerator  is  called  a/ 


an 


STOP 


Before  proceeding  any  further,  have  the  instructor  check  your  work. 

 Instr  initials 
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PROGRESS  CHECKLIST  III-3-f 


EXERCISE  3f 


COLUMN  A.  MAINTENANCE 

.  1.    Increase  compressor  or  blower 

pressure  to  supply  a  given  quantity 
of  air  when  aerator  is  clogged. 

.  2.    Clean  or  replace  coke  tray  if  algae 
growth  is  present  or  deterioration  of 
coke  is  present. 

3.  Cleaning  by  scrubbing  or  using  copper 
sulfatK  and/or  chlorine  solution  to 
control  algae  growth  is  recommended 
for  this  aerator. 

4.  Clean  out  sediment  and  dirt  as 
ret^uired,  examine  joints  for  leaks. 

5.  Make  necessary  repairs  to  screens  and 
enclosures. 


COLUMN  B.  AERATORS 

a.  Cascade  or  step 

b.  Spray  Nozzle 

c.  Tray  and  Splash  Pan 

d.  Diffuser 

e.  Venturi  Type  Aerator 


  STOP   

Before  proceeding  any  further,  have  the  instructor  check  your  work. 

 .Instr  initials 
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MONITOR/OPERATK  ANC  MAINTAIN  ION  EXCHANGER  ( DEMI NERALIZATION)  UNIT 

OBJECTIVES 

^onitSJ-JeiJJrS^lo"^  ellullTT^^^^^^^^^^  tea™  to 

With  nrL«%'SaTo^'e"i„^;;r:c"tir°"as%"S??«'  *  *°  --^-in  the  unit 
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PKOGRESS  CHECK  III-4-a 


INSTRUCTIONS:  Match  Column  A  (terms)  to 
exchange  (demineralization)  units.  Some 
not  at  all. 


COLUMN  A.  TERMS 
_  1.      Purpose  of  Ion  exchange 
_  2.      Theory  of  ion  exchange 

3.      Sodium  zeolite 
_  4.      Synthetic  i^osins 
_  5.      Anion  exchanger 
_  6.      Weak  base  anion 

.  7.  Strong  base  anion 

_  H.  Cation  exchanger 

.  9.  Chemical  injection 

^  10.  Mixed  bed  demineralizer 

^  11.  Dual  bed  demineralizer 

12.  Natural  resins 

13.  Regonorant  tank 

14.  Underdrain 

15.  Multiport  valve 

16.  Backlash 

17.  Hydrogen  zeolite 


Column  B  (statements)  pertaining  to  ion 
answers  may  be  used  once,  more  than  once,  or 


a. 

b. 
c. 
d. 


h, 
i. 

J. 
k. 

1. 
m. 


o. 
p. 


COLUMN  STATEMENTS 

Type  of  ion  exchanger  used  at  base 
laundries. 

Used  to  remove  or  reduce  TDS. 

Green  sand  used  as  a  zeolite. 

Makes  water  acidic  and  often  used 
along  with  a  strongly  basic  ion 
exchanger. 

Second  step  in  ion  exchange 
regeneration. 

Removes  silica. 

Evenly  distributes  backwash  water. 

Resin  is  positively  charged. 

Anion  and  cation  resins  in  same 
tank. 

Is  longer  lasting  and  has  higher 
exchange  capacity. 

A  reversible  chemical  reaction 
between  ions  in  solution  and  ions 
attached  to  a  solid  material. 

Removes  only  strong  acids. 

Uses  sulfonated  polystyrene  as  a 
zeolite. 

Resins  are  housed  in  two  separate 
tanks. 

Holds  chemicals. 

Directs  flow  of  water  during  cycles 
of  operation. 


q.     First  step  in  regeneration. 


STOP 


Before  proceeding  any  further,  have  the  instructor  check  your  work, 
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PROGRESS  CHECK  III-4-.b 

PART  1 

SODIUM  CATION  EXCHANGE  OPERATION  PROCEOURES 

INSTRUCTIONS:  As  a  member  of  a  team,  monitor  and  operate  the  sodium  cation  pxphnn^o 
Zin  fni^^^"^'?i^°*'K"«  step.by-step  procedures.  The  instrScJo?  mSy  Ls?st  J?^?e 
iZ..I?oH      T    ^^'•°"Khout  the  operation  of  the  unit.     Units  my  be  assumed  to  b^ 

dScre^Jn"    Tr'^^"rv"°^  °f  chemicals  at  instructor's 

discretion.    Times  taken  to  perform  those  steps  may  be  adjusted  accordingly? 

1.  Service 

a.  Place  the  unit  into  service  as  follows: 

(1)  Place  solo  valve  in  service  position  #3. 

(2)  Open  valve  #2. 

(3)  Open^yalve  #1,  the  hardwater  inlet  valve,  and  adjust  to  a  maximum  flow  of 

b.  Perform  test(s)  for  exhaustion.     If  bed  is  exhausted,  regenerate  unit. 
2.      Preparing  Regenerant  Solution 

liif  fn^L«''"i.''K  e"^"^?  if  the  regenerant  (brine)  tank  contains  four  or 
more  Inches  of  brine  solution.    Furthermore,  there  should  be  undissolved 
salt  In  the  bottom  of  the  tank.     If  the  solution  level  in  the  tank  is  less 
than  four  inches  proceed  to  step  a  under  close  supervision  of  the 
instructor. 

For  each  four  inches  the  brine  level  is  below  its  upper  level  in  the  tank  add 

^L?°adT3o°'p::;5s^^^^^;r"^  '^^^^  irei.St"^„:Se% 

Place  solo  valve  in  service  position  No.  3.    Valve  No.  1  should  be  open. 
Open  valve  No.  4  and  add  water  up  to  the  "upper  brine  level"  then  close. 
3.      Regenerating  Sodium  Zeolite  Unit 

a.  Backwash  (Step  No.  I) 

(1)  Close  valves  No.  (l)  and  No.  (2) 

(2)  Open  valve  No.  3  momentarily  to  release  pressure  in  tank  and  then  close. 

(3)  Place  solo  valve  on  BACKWASH,  position  No.  I. 

(4)  Control  influent  by  valve  No.  (1)  at  2  GPM  for  10  minutes,  then  close. 

b.  Regeneration  (Step  No.  2) 

(1)  Adjust  solo  valve  for  regeneration  and  slow  rinse  in  position  No.  2. 

(2)  Open  valve  No.  1.    Plow  rate  is  controlled  by  the  solo  valve. 

(3)  Open  valve  No.  4  to  permit  addition  of  salt  brine  to  water  going  through 
iJourrrmfSJSes.*  ^""^"^  drawdown  is  four  inches  and  usual  time  Is 

(4)  Close  valve  No.  4  when  regeneration  Is  completed, 
c.    Slow  Rinse  (Stop  No.  3) 

SrsrilnuJei."*  ^''^  "^"^  '^""tlnue  slow  rinse 


c. 


(2)    Close  vAlve  No.  1  after  the  30  minutes. 
Pinal  Rinse  (Step  No.  4) 

(1)  Place  solo  valve  In  service  position  No.  3. 

(2)  Fully  open  valve  No.  3. 

(3)  Open  valve  No.  1  to  give  a  flow  of  2  GPM. 

(4)  Rlnso  until  salt  cannot  be  tasted  in  effluent  and  then  close  valve  No. 
Service  Hun  (Step  No.  5) 

(1)  Open  valve  No.  2  on  service  line. 

(2)  To  adjust  to  the  desired  maximum  flow: 

(a)  Open  valve  No.  3. 

(b)  Using  valve  No.  1,  adjust  the  desired  maximum  flow  of  6  GPM. 

(c)  Then  close  valve  No.  3.    This  places  the  ion  exchanger  back  in 
service. 


6S7 
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PART  2 


OUAL  BED  DEMINERALIZKR  OPERATING  PROCEDURES 

INSTRUCTIONS:     As  a  member  of  a  team,  monitor  aad  operate  the  dual  bed  d#.mi  non«n 
iising  the  following  step-bystep  procedures.    The  ?SstJJctor  m^r^sSst  nf 
InH  J  ™      t'^foughout  the  operation  of  the  unit,     unit  may  be  assumned  tS  brexh^Stted 
and  regeneration  done  without  actual  use  of  chemicals        i noTrn^? .         oe  exnausted 
taken  to  perform  those  steps  may  be  adJSs?  accordingly?    '"^'""^^^^^  «  discretion.  Timos 

STEP  I  -  SERVICE 

a.  Solo-valve  No.  1  in  "Run"  position  (Position  No.  3) 

b.  Solo-valve  No.  2  In  "Run"  position  (Position  No.  3) 

c.  Open  valve  No.  13  on  service  line 

d.  Control  flow  with  valve  No.  9  to  1.5  GPM,  maximum  2  GPM 

e.  Perform  test  for  exhaustion.     If  bed  is  exhausted,  regenerate  unit. 
STEP  2  .  SHUTDOWN  (End  of  service  rUn  prior  to  regeneration) 

a.  Solo-valve  No.  1  ia  "Run"  position  (Position  3) 

b.  Solo-valve  No.  2  In  "Run"  position  (Position  3) 

c.  Close  valve  No.  9  and  No.  13 

d.  Open  valve  No.  12 

o.    Solo-bridge  switch  to  "Off"  position 
STEP  3  -  REGENERATION 
a.  Backwash 

NOTE:    Start  backwash  SWffLY.  Increase  gradually  to  prescribed  rate.  Always 
^!T^^H?'*'  ,      ^^"^  solo-valve  drain  line;  if  resin  particles  are 

bein»j  discharged,  reduce  rate.    Continue  backwashing  until  water  is 
secSJd?  °*  suspended  matter.    Anion  column  first,  cation  column 

(1)  Anion  Colun.n : 

(a)  Solo-valve  No.  1  in  "Hun"  position  (Position  No,  3) 

(b)  Solo-valve  No.  2  in  "Wash"  position  (Position  No.  1) 

(c)  Open  influent  valve  No.  9  and  backwash  at  a  rate  of  one  (1)  eallon 
per  minute  for  ten  (10)  minutes  (or  until  effluent  is  clear). 

(d)  Close  valve  No.  9  at  end  of  backwash. 

(2)  Cation  Column: 

(a)  Solo-valve  No.  1  in  wash  position  (Position  No.  1) 

(b)  Solo-valve  No.  2  in  run  position  (Position  No.  3) 

(c)  Open  influent  valve  No.  9  and  backwash  at  a  rate  of  two  (2)  eallons 
per  minute  for  five  (5)  minutes  (or  until  effluent  Is  clS)f 

(d)  Close  valve  No.  9  at  end  of  backwash, 
b.    Chemical  injection  and  slow  rinse 

NOTE-  Both  columns  are  regenerated  and  rinsed  separately  before  the  final 
rinse.  The  anion  column  should  be  regenerated  each  time  the  cation 
column  is  regeneratod. 

o  '-'688 
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(1)    Chemicals  Re^iuired: 

(a)  Cation  -  H2SO4  (66*Be)  7.5  lb 

(b)  Anion  -  NaOH  (flake)  6.0  lb 

2)  Preparation  of  Regenerant  Solutions: 

NOTK:    Omit  this  step  if  the  solution  in  the  regenerant  tanks  is  four 

inches  or  more  from  the  bottom.     If  the  solution  is  less  than  four 
inches  proceed  to  step  1  under  close  supervision  of  the 
instructor. 

CAUTION:    H2S04  and  NaOH  are  hazardous  naterials.    Face  shield 

t^lV"  ^®  ^^^^"e  these  chemicals  to 

water.    Add  H2SO4  and  NaOH  slowly  to  water. 

3)  Pilling  Acid  Tank  (Cation  Bed) 

(a)    Solo-valve  No.  1  and  solo-valve  No.  2  in  Run  position  (position  No. 
3),  all  other  valves  closed. 

?£®on^?"l!®"^''^^''!  ^""^  '^^^  5.  add  water  until  level 

IS  20  inches  from  top.    Close  valve  No.  9. 

(c)  Add  required  amount  of  acid  directly  to  acid  tank  and  mix. 

(d)  Open  valve  NO.  9  and  add  water  until  level  of  solution  is  2  inches 
».rom  top  of  tank,  then  close  valve  No.  9. 

)    Pilling  Caustic  Tank  (Anion  Bed) 

(a)  Solo-valves  No.  1  and  2  in  run  position  (position  3);  all  other 
valves  closed. 

(b)  Open  valves  6  and  9. 

(c)  Add  required  amount  of  NaOH  slowly,  stirring  constantly. 

(d)  Pill  tank  with  water  until  level  of  solution  is  10  1/2  inches  from 

bOp  . 

(e)  Close  valve  No.  S. 

)    Chemical  Injection  and  Slow  Rinse  of  Cation  Resin 
(a)    Chemical  injection 

1  Solo-valve  No.  1  in  regeneration  position  (position  No.  2). 

2  Solo-valve  No.  2  in  run  position  (position  No.  3). 

3  open  and  adjust  influent  valve  No.  9  for  a  flow  rate  of  0.75  GI>M 
(approximately  30  psi). 

4  Open  acid  valve  No.  5. 

5  Close  acid  valve  No.  5  when  liquid  lev3l  is  2  inches  from  bottom 
Of  tank  (suction  time  approximately  42  minutes). 

(b)    Slow  Rinse 

1  Solo-valve  No.  1  in  regeneration  position  (position  No.  2). 

2  Solo-valve  No.  2  in  run  position  (position  No.  3). 

3  Rinse  at  0.75  GPM  for  30  minutes  (22.5  gal). 

4  Close  valve  No.  9  at  end  of  30  minutes. 

4-8 
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(6)    Chemical  Injection  and  Slow  Rinse  of  Anion  Resin 
(a)    Chemical  injection 

1  Solo-valve  No.  1  in  run  position  (position  No.  3). 

2  Solo-valve  No.  2  In  regeneration  position  (position  No.  1). 

-  ?Sp;roxJn^?fir3S°j8n?' ' *  °' 

4  Open  caustic  valve  No*  6* 

5  Close  caustic  valve  No.  6  when  solution  level  is  2  inches  from 
bottom  of  tank.     (Suction  time  approximately  17  minutes.) 

(b)    Slow  Rinse 

1.    Solo-valve  No.  1  in  run  position  (position  No.  o). 

2  Solo-valve  No.  2  in  regeneration  (position  No.  2). 

3  Valve  No.  12  wide  open. 

4  Valve  No.  9  remains  open  and  controls  rinse  at  0.75  GPM  for  20 
minutes  (15  gallons). 

5  Close  valve  No.  9  at  end  of  20  minutes, 
c.    Pinal  Rinse 

(1)  Solo-valve  No.  1  in  run  position  (position  No.  3). 

(2)  Solo-valve  No.  2  in  run  position  (position  No.  3). 

(3)  Valve  No.   12  WIDE  OPEN. 

(4)  Set  "pointer"  of  solu-bridge  at  50,000  OHM,  adjust  temperature  rheostat  at 
temperature  of  effluent,  turn  switch  "ON".  «P«rature  meostai  at 

(5)  Open  influent  valve  No.  9« 

(6)  Rinse  at  2  GPM  until  GREEN  UGHT  burns  continuously, 

oSruSes!  ^  '"'^''^  ^""^  ^  ^^""^^ 
d.    Service  Run 

(1)  Solo-valve  No.  1  in  run  position  (position  No.  3). 

(2)  Solo-valve  No.  2  in  run  position  (position  No.  3), 

SSrirJroJened?       ^"''^''^  ^^"^         ''^''^^  ^2 
(4)    Control  flow  with  valve  i^o.  9  to  1.5  GPM.  MAXIMUM  2  GPM. 
STEP  4  -  START-UP  APTER  SHUT  IJQWN 

♦STEP  5  -  END  OP  SERVICE  RUN 

Shut  !^;/fnd'iSp"af  a°Jove°;r"SSd°u"?er'  exhausted.    Begin  again  with  step  2 
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PART  3 


MIXEIJ  BED  DEWINERALIZER  OPERATING  PROCEUURES 
INSTRUCTIONS:    As  a  member  of  a  team,  monitor  and  operate  the  mixed  bed  demineralizer. 

1.  Normal  Operation 

a.  Open  valves  E,  A,  and  H. 

b.  Check  water  pressure  on  the  gauge.     It  should  read  between  20  and  30  psi. 

c.  Check  water  purity  by  pressing  the  ohmmeter  button.    Any  reading  above  1 
million  is  good,     if  below  1  million,  regenerate  unit.  ^ 

2.  To  Shutdown  Operation 

a.  Close  valves  H,  A,  anu  E. 

b.  Close  the  mtin  ion  exchange  water  supply  valve. 

c.  Shutdown  the  cation  unit  you  are  using  and  relieve  the  pressure  in  the  unit. 

3.  Regeneration 

NOTE:    Omit  this  step  if  ohmmeter  reads  above  one  million,    if  ohmmeter  reads  below 
one  million  proceed  to  step  a  under  close  supervision  of  iUstruot". 

a.    Backwash  and  Separate 

Close  all  valves  except  (B)  and  (V).    These  valves  should  be  full  open  Ooen 
valve  (H)  until  a  trickle  of  water  comes  out  of  the  drain  pipe.  ^ 

After  five  minutes  of  this  slow  flow  rate  observe  the  resin.     If  there  is  a 

However,  if  there  is  no  apparent  movement  in  tlie  resin  bed.  increse  tha  fin« 
rate  by  adjusting  valve  (H).  it  is  very  important  that  the  flSr?!te  L  lot 
excessive  as  it  will  drive  the  resin  bed  completely  to  the  top  of  JJe  ^olSSS 
thereby  causing  a  plug  that  will  not  separate.     If  this  occurs    the  r^«?n  koh 

:i  epf7:)'°(S!  ':i^^;Er*"ihe^'•iL^^^"^'^  acc^»pnsSeSX"iosJ:g^:fi"v.rves 

Sa*si*i.;d'sipa"?e^cJ;ie*5:"  SVlSLsf 
b.    Regeneration  of  the  Cation  and  Anion  Resin 

CAUTION:    Caustic  soda  and  muriatic  acid  are  hazardous  materials.     Pace  shield 
gloves,  and  apron  must  be  worn.    Add  chemicals  slowly  to  water. 

(1)  Drawing  Up  Anion  Regenerant 

"}ve''}iriini?t*?h«°Sr°  "^^"^^  ^"  ^^i^  '^'"^  <C'>-    Slowly  opsn 

J^i^  pressure  gauge  shows  15-20  pounds.    Open  valve  (K) 

i^nt'.nt^,^  regenerant  cycle  should  take  at  least  20  ;,lnutes  to  allow 

v^Jvesr  *  "  accordingly.  Close 

(2)  Rinsing 

closed.    Open  valves  in  this  order  (H),  (A),  and  (K).  Continue 
L"t:!i%f9?'%roIe\°if  ;:j:e%?^  ^"  °'  e^nueit\s  appJox"?! 
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(3)    Regenerating  Cation  Resin 

All  valves  closed.    Place  acid  draw-uo  tube  in  muviai-ir. 

c.     iit  Mixing  of  the  Resins 

(1)  To  drain  water  level  to  approximately  4"  above  resin  bed. 

"icJSJr%%Ssc??J;  .TlT^' "^"^ ''''  '^^^ 

(2)  open  valves  (B),  (V).  and  open  valve  (J)  slowly  until  agitation  of  the 
r«sin  agitation  is  all  that  is  neceisary.  oServl 
Cloll  ill  "Tl'.lT            ""'^  '^^'^'^  '^^^  approximately^;  nSnllZ, 

JJen?ng"vi!5e''?5r'  ^'"^^^'^  ^y 

d.    Pinal  Rinsing 

Pill  the  tank  by  backwashing  rapidly,  open  valves  rv^    m\    anH  fu^    4.^  ^  4 

lUd  ?1?  i"^'  ^«  •    open  vllJei    n    h  s  "3ei^'(A? 

and  (E).    Turn  on  conductivity  meter.    When  minimum  conductivfty  is  reLhid^ ' 

turn  on  (F)  and  close  (E).  Unit  is  now  in  service.  ^«  reached. 

Plow  control  can  be  adjusted  by  valve  (H)  up  to  120  gph  or  wide  open. 

NOTE:     If  unit  shows  preliminary  exhaustion,  go  through  the  air  mlx^ni?  r^vr^i* 
This  usually  adds  about  20  percent  morl  to  the  run  cycle.  ^ 


632 
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PKOGRESS  CHECKLIST  Iir-4-C 

IMSTilUCTIONS:  Using  the  following  and  an  operator's  oheo.kllst,  Indloat^  tho  ma i nf .Mtan.-.. 
procedures  necessary  to  correct  each  condition  by  writing  the  maintenance  reauiie  in  the 
blank  space.    Five  of  eight  must  be  correct.  .i..iu*.c 


UUMrUNbNi 

OUNDITION  Or  CX)MPONhNT 

MAINTENANCE  REQUIRED 

1. 

Tanks 

Paint  is  falling  off  and 
pitting  on  tank  surface  is 
presen  t« 

2. 

Pipes 

Pipes  are  rattling  during 
operation.    Leaks  and 
corrosion  are  present • 

3. 

Valves 

Valves  are  leaking  at  the 
stem,  and  are  sticking. 
Valve  handle  is  broken. 

4. 

Multiport  Valve 

Valve  does  not  turn  easily 
and  is  chattering  during 
opera xxon . 

5. 

Ejector 

Insufficient  solution  going 
through  to  the  piping. 

 _ 

6. 

Pressure  gauges 

No  pressure  or  low  pressiure 
inaication  vhen  unit  is  in 
operation.    Needle  appears 
to  be  stuck. 

7. 

Zeolites 

The  effluent  pressure  has 
dropped  below  that  specified. 
Organic  matter  is  present 
in  the  effluent  water. 

8. 

Conductivity  Meter 

Indicator  lights  are  not 
turning  on. 
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PROGRESS  CHECK  III-4.C 


Maintenance  Problem  rr^^^^^*.*      *  x4 
 ■  Corrective  Action 

I. 


2. 


 STOP  

Before  proceeding  any  further,  have  your  instructor  check  your  work. 

 Instr  Initials 
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MAINTENANCE  ACTION 


CHE>!ICAL  REXaCRAm 


Inspect  for  l^v^ 


Inspect  piping  


Inspect  for 


Inspect  for  enrr^^^ 


I  ) 


JSSJSSSLSaSE. 
 Inspfirt  fhr- 


Inspect  for  ccacronlrr, 


Inspect  electrical  connections 


Inspect  platniun  electrodes 


Check  for 


accuracy 


1  May  86 


!  -rr  iNiriA,.! 


;    1  May  fifi 
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ATO  91-26  .25 


W 


AFR  91-26     /25    .  w 
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MAINTENANCE  ACTION  SHEET 

COST  CCNTCH 

481  WA/ 

DE^Cwio-  ;n                                                     mas  ■vUMBEH 

Mixed  Bed  T^essAnenrAlim'  '  n7<; 

nEQOIdCD  M4IN-rEN^NC£  ACTIONS 

CREW 

'  SIZE 

ME*VV 

 ^  f  !  

APR  Ql«9Ai        OK   •  TJ 

-.2 

n 

Flow  neter 

-     1  1  . 

Inspect  for  leaks                                                                              i                j  j 

Inspect  for  corrosion 

Ptessure  emif^                                                                                        "  '  , 

InSDect  for  IftftVft 

 Inspect  for  rtm^if^  1 

'         !  "1  

!      1  ■ 

 In»ect  for  oorroaifln                                                                                                          j  j 

Ptoim.  Ill 

Inspect  for  1a«Vq                                                                                                                              '  i 

j         '  -1 

 Tn«pprr  for  mrroBion  

 —  .  1  ,  i 

 !  

?  — 1  

!  i 

-1 

i              •  t 

 h 

1 

 \  \ — h 

:           ■  i 

-1 

llfev  86  i 

-j  

if  1041 

— y**^' — 

ERIC 


3770  Technical  Training  Group  ^  .„ 

Sheppard  Air  Force  Base,  Texas  ^  J3ABR56631  OOO-III- 

MONITOH/OPERATB  AND  MAINTAIN  ELBCTRODIALYSIS  DEMINErtALIZER  UNIT 
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PROGRESS  CHECK  [I 1-5 -a 
1N.STHUCTI0NS:    Given  step-by-step  procedures  and  vorkin^        .  ,n.,n>,.r    ,  . 

Ilsln^  the  instructions  below,  operate  the  elect rodialy sis  demineralization  unit. 

SAFBTy  PRECAUTIONS 

^*      <!oi!!i^JJ)!:/I!'*/'"'\*^'"?         ""i^  dismantled,  check  the  ground 

2.  Do  not  touch  wet  stack  sides  or  electrode  tabs  when  the  DC  power  is  on. 

3.  Always  wear  rubber  gloves  when  voltage  probing  the  membrane  stack. 

^*      ??rstJ?k!''  '°         membrane  stack  when  there  is  no  water  flow  through 

:p^^!.r?::rru^?iJ5f  tr5o%r.j^is„fji?«^  '^"^^  Ji""?L^ed 

6.  It  is  normal  for  the  DC  amperage  to  RISK  whr-n  the  feedwater  temperature  RISKS  Tf 
th«  temperature  rises  less  than  ICP.  it  Is  not  necessary  to  loSer  the  |«  voltuee 

J'^  '^^rK^*,   ^'         feedwater  temperature  RISES  more  than  lO'F    t^e  Sc 
voltage  should  be  lowered  until  the  DC  amperage  returns  to  normal  UNLESS  vou  have 
received  specific  Instructions  from  Ionics  to  the  contrary.  ""I'tt.s  you  have 

7.  Never  allow  oil,  organic  solutions,  solvents,  detergents,  sewage,  nitric  acid 
bleach  or  other  strong  oxidizing  agents  to  come  in  contact  with  the  membrJSes'and 
spacers  unless  directed  by  an  Ionics  Representative.    Membranes  can  Sl  SlKcM 
operated  on  a  feedwater  containing  even  0.1  ppm  free  available  cSfSrlne. 

B«      ALWAYS  keep  membranes  wet. 

^*      JSwer'tf  in!  ^^"^  "^"^'^  '^^''^''^  "  °"         membrane  stack  when  the  DC 

10.     Peedwater  containing  Calgon  or  other  hexametaphosphates  will  causo  higher  m,.mh^«no 
stacl-.  resistance.    Av5id3Feration  when  these  are  pros^nl.  ^  membrane 

OPERATION  OF  E.D.  UNIT 
Using  the  instructions  below,  operate  the  E.D.  unit. 
I.       PREOPERATION  PR(X:EDURES 

NOTE:    Observe  safety  precautions. 

a.  Closa  the  float  switch  simulator. 

b.  Inspect  the  unit  for  any  sign  of  damage  or  unsafe  conditions. 

c.  Check  to  see  that  the  unit  Is  connecte*!  to  a  UO-volt  outlet  and  the  switch  on 
the  console  Is  in  the  off  position.  »witi.n  on 

2.       OPERATION  PROCEDURES 

NOTE:    Observe  safety  precautions  and  follow  the  Instructions  below. 

a.  Open  the  plug  valves  PV-l  in  the  product  flush  and  raw  feed  waterlines. 

b.  Put  the  Hwitch  S-l  on  the  console  In  the  on  position. 
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°*    ilt^l,"  "  "^^^  minutes  for  the  unit  to  start  producing 

d.    Fill  out  the  attached  log  sheet. 

3.  SHUTDOWN  OPERATION 

a.  Put  the  switch  Si  on  the  console  in  the  off  position. 

b.  Close  plug  valves  on  the  product  flush  and  raw  feed  water  line. 

4.  LOG  SHBST  FOK  E.D.  OPERATION. 


a.  OATi^/TIME 

T  — 

b.     PRODUCT  WATKR  TEMP 

c.     PRODUCTION  FLOW  RATE 

d.     CURRENT  (i 

AMPERES) 

e.  PRESSURES 

BEFORE  FILTERS 

AFTER  FILTERS 

1 

6S[j 
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PROGRESS  CHECK  III-5-b 

INSTRUCT IONS:    Using  an  electrodialysis  trainer  and  workimr  as  «  to.™  ™o  k 
maintenance  procedures  as  outlined  in  the  ooerltor'.,  ™4n^L  f*^  member,  perform 

may  assist  no  more  than  two  timerdiJiSg  opSrluSJ.  checklist.  Instructor 

1.      TUS  Test 

a.  Draw  product  watur  from  unit. 

b.  Using  specific  conductance  meter  perform  a  TDS  test  on  product  water. 

Purpose  of  Test:    To  measure  the  specific  conductance  of  a  water  samole  a 
relative  measure  of  the  dissolved  ionizable  solids  as  Nact  eJuivaS! 

Method  of  Testing:    Electric  Conductivity  Meter 

(1)    Principles  of  Test 

JlectrrifJy?'         ^^^olved  solids  is  a  very  poor  conductor  of 

(b)    Water  which  contains  dissolved  ionizable  solids  will  conduct 

ii"!""'       approximate  proportion  of  the  conceitrSiSS'Jf  the 


(c)    A  conductivity  meter  is  used  to  measure  the  microrahos  conductivity.^ 
(2)  Equipment: 

(a)  Solo-bridge  (specific  conductivity  meter) 

(b)  Prepare  conductivity  cell  probes  as  follows: 

1  Low  range  probes  for  distilled  or  demineralized  water  samples. 

2  High  range  probes  for  raw  or  treated  water  samples. 

(o)    Two,  footed  cylinders  (beakers  may  be  used  if  sufficiently  deeo 
enough  to  allow  submergence  of  air  vent  on  probes).  ^ 

(d)  Conversion  chart. 

(e)  Thermometer. 

Reagents:    None  except  for  product  water,  and  demineralized  water  for 
probe  storage  and  cleansing.  w»i,cx  tor 

(3)  Procedure: 

(a)  Fill  container  two  thirds  full  of  sample. 

(b)  Select  probes  with  low  range  depending  on  sample. 

(c)  Rinse  the  probes  in  one  of  the  cylinders  with  demineralized  water. 

(d)  Place  probes  in  second  cylinder. 

(e)  Plug  in  the  meter  and  turn  switch  to  "ON"  position. 

(f)  Check  temperature  of  sample  used  to  rinse  probes. 

(g)  Set  temperature  control  on  meter  to  temperature  obtained  in  step  f. 

(h)  Jiggle  the  probes  in  sample  until  all  of  the  air  bubbles  escaoe 
through  the  vent  holes.    Keep  probes  submerged  below  lent  S"e  level. 
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(I)    Turn  the  conductivity  scale  knob  until  the  dark  area  of  the  eye  or 
null  indicator  is  at  its  widest  size.  ^ 

(j)    Read  the  meter  and  record  the  micromhos  specific  conductivity  of 

(k)    Turn  switch  to  the  off  position  and  unplug  the  meter. 
(1)    Rinse  the  probes  in  distilled  water  and  store. 

(m)    Use  the  conversion  chart  that  is  furnished  with  the  meter  to  convert 
specific  conductivity  to  PPM  NaCl  equivalent. 

(n)    Record  results: 

 Micromhos  specific  conductivity, 

 =  ^  mg/l  NaCl  equivalent. 

2.      Electro  membrane  stack  probing* 

a.  With  unit  operating  setup  the  multiroeter  with  instructor  assistance. 

b.  Probing  stack 

(1)  Holding  black  lead  in  left  hand,  and  red  lead  in  right,  about  one  inch 
apart  from  each  other.  une  men 

(2)  Touch  the  membrane  stack  from  left  to  right  at  one  to  two  inch  intervals 
across  the  entire  stack.    Note  ohms  change  on  g,reen  scale  as  you  oroKress 
across  the  stack.    Record  three  readings.  fiuki^cbs 

(3)  Oam  readings  across  stack.    For  left    ohms.    Middle  ohms. 

For  right  ohms.  '  

c.  Disconnect  probes  from  multiaseter  box,  store  away  Inside  the  box. 

d.  Turn  off  unit,  switch   and  switch 

e.  Turn  off  feed  PGV-l  and  product  flush  PGV-2, 

f.  Turn  off  major  electrical  control  box  on  wall. 
3.      Stack  disassembly  and  assembly. 

The  following  is  a  step-by-step  procedure  for  disassembly  and  assembly  of  a 
membrane  stuck.  ^oo^mux/  a. 

NOTK:    Road  all  of  the  following  instructions  thoroughly  before  attempting  any 
maintenance  on  a  membrane  stack.  ^iuh^-^'iis  any 

a.  DlsassCi.-iibly 

(1)  Remove  the  stack  end  plate. 

(2)  Remove  the  plastic  end  block.    Do  not  lay  the  block  on  the  plastic  hose 
connectors. 

(3)  Remove  the  top  electrode  gasket  and  top  electrode. 

(4)  Before  actual  membrane  and  spacer  removal,  the  operator  should  wash  his 
hands  to  prevent  bacterial  contamination  of  the  membranes. 

(5)  The  disassembly  can  be  done  either  in  sections  or  in  pairs. 

(6)  To  maintain  proper  order  for  reassembly,  turn  the  membranes  over  when 
placing  them  down  during  disassembly.    This  holds  true  for  both  pair  and 
section  disassembly.  ^ 
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(7)    When  disassembling  a  two  stage  stack,  the  procedure  listed  above  will  be 
used  for  the  second  stage  also.  auovo  wxii  oe 

Assembly  Precautions 

(1)  To  prevent  assembly  errors,  place  a  schematic  of  the  stack  in  a  location 
where  it  can  be  referred  to  constantly  during  the  assembly.  lo^'^io" 

(2)  Alternate  anion  and  cation  membranes  except  at  the  electrodes. 

(3)  The  platinized  side  of  the  ANODE  faces  the  center  of  the  stack. 

(4)  Check  manifold  alignment  carefully. 

(5)  Do  not  introduce  foreign  material  to  the  stack. 
Assembly 

(1)  When  replacing  the  membranes,  either  by  pairs  or  by  sections,  the  ooerator 
must  turn  the  membranes  over  so  they  will  be  in  the  right  position? 

(2)  Carefully  line  up  the  membranes  and  spacers  so  that  the  manifold  holes 
form  a  vertical  flow  leader  for  the  entering  streams. 

(3)  When  asscjrabllng  a  two  stage  stack,  the  above  procedures  are  follow.-d  for 
the  second  stage. 

(4)  Replace  the  top  electrode  section  and  tof  end  blocks  in  the  reverse  order 
or  aisassembly •  w^m^x 

lif  i^I'h''^!!'''"**  alternately  and  only  enough  to  ctop  excessive  leak- 

ing  wibfi  tne  pump  on» 


-STOP  


Before  proceeding  any  further  have  the  instructor  check  your  work. 

 ^  Instr  Initials 
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KIEU)  WATKR  PUHl KIOATION  UNITS 


OBjeCTIVES 


*?i*®I!u*  proposed  water  point  and  s'te  selection  criteria,  locate  and 

be  Correct  *°         "P         ""i*  according  to  TM5-700.    Three  of  four  just 

Given  a  diagram  and  information  related  to  the  BRDLATOR,  locate  and  identify 
components  IA»  TO  40W4-9-1.    Ten  of  twelve  must  be  correct.  laentiiy 

Using  TO  40!r4-9-l  and  information  related  to  the  operation  of  the  ERDUTOR.  match 
statements  pertaining  to  the  operation  of  the  unit.     Twelve  of  fifteen  must  be  co^^ect. 

Using  TO  40W4-9-1,  complete  statements  pertaining  to  preventative  maintenance 
procedures  and  troubleshooting  operational  problems  of  a  600  gph  BRDLATOR.    Nine  nf 
fifteen  must  be  correct. 

Given  a  diagram  and  information  related  to  the  Reverse  Osmosis  Water  Purifiration 
Unit  (ROWPU).  locate  and  identify  the  ttOWPU  components  lAW  TO  40W4-13-1.     Seven  of 
eleven  must  be  correct. 

n-rfo™^""^/?  ^  *'^^'!u*"^  related  information,  write  the  correct  procedures  used  to 
perform  maintenance  on  the  Reverse  Osmosis  Water  Purification  Unit,    six  of  ten 
procedures  must  be  correct. 
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PROGRESS  CHECK  III-6-a 
IMSTRUCTIOMS:     Given  site  selection  criteria,  your  notes,  and  TM  5-700  ^..i^ct 


1  RAW  VATBR  PUHP 

2  600  GPH  WATER  !>«IKIKICATICN  UNIT 

3  CLBAK  WKLL  (STOKAGK  TANKS) 

4  DISTRIBUTION  PUMP  WITH  NOZZLES 

 3Y0P  -   

Hi^fore  a^roceedlng  any  further,  havo  tie  Instructor  check  your  work. 

 ^Instr  Initials 
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PROGRESS  CHECK  lI[-6-b 

INSTRUCTIONS:     Using  the  drawing  of  the  (KRDLATOR)  field  water  purification  tank  (figure 

?;im/    T..„"'"!?"'»  ,i         '""^  ".^^^^  of  components,  match  the  components  to  the  numbered 
Items.    Ton  c)f  ..wnlve  components  must  be  correct. 


KlKure  6-] .  BrdlHtor 


Components 


a. 

Dow'ncrofDijr  tiib« 

^- 

Sludfjo  concentrator  tank 

b. 

Haffle  rings 

n. 

Kf riiient  laiindor 

c. 

Clrculur  discs 

i. 

Bar  rie 

(1. 

[nf liiont  !Aiinfter 

J- 

Wet  well 

e. 

A»ritator  shafi 

k. 

Mixing  zone 

f . 

Sep^trator  /.one 

I. 

Clarification  /.one; 

STOP 
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Before  proceedlnj^  any  further,  have  the  Instructor  check  your  work. 
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PROOIIESS  CHECK  H\-6c 


INSTRUCTIONS:     Column  A  list  statements,  chemicals  ,ind  actions  pertaining  to  tho 
Column  a"  'p  T'V  '  •'"^'^""^  ""^'^^^  Ji.e  s  Jtomen  s  In 


 Hechargf;  slurry  fo«3<li*r 

  ^-  reposition  this  component  in  order 

to  decrease  the  rotation  of  the  slurry 
blanket 

  3«     Ferric  Chloride 

 '1 .     Kiiwjs  toil*? 

 Rechar^je  chemical  solution  feeders 

  ^*    Component  which  rec«ive«  flocculent 

slurry  flows  from  the  KIIDLATOK  tunk 

  7.     iJseil  to  procoa^  filter 

 Mres.siirc.-  gan^n  reading  which  indicates 

backwashing  of  filter  is  necessary 

  -^^    Ratio  of  ferric  chloride  to  one  gallon 

of  watf^r 

  1^-  Ratio  of  calcium  hypochlorite  to  one 

gallon  of  water 

 1^-  I'ermissabl^?  to  start  drive  motor 

  l^-  Action  rei|Uired  to  drain  all  water 

f  r  om  s  1  u  r  ry  f  e  od  1 3  r  s 

  <'*>ld  woaf.hor,   riifruln  fnym  touching 

wl  Lh  ban?  hands 

  I'K  Mix  <;h«rmicals 

 Requir<*d   for  extcind*^d  shutdown 


a. 
b. 

c . 
d. 


Sludge  concentration  tank 
One  foot  of  v:?ater  in  tank 
Coagulant  aid 
Coagulant 
e.     All  L  l-coitgu  Ian  I 
f-     Diatoraaceous  earth 

g.  Every  60  minutes 

h.  5  psi 

i.  Kvury  4!)  mi  nu  t<vs 
Lift  thn  slurry  float 
As  required 

Depress  tho  slurry  float 


m.     10  psi 

n.     When  tank  contains  one  foot 
of  water 

o.  Metal  parts 

p.  Agitator  driv<»  b<;l£ 

In  well  voriti  lattiti  ur<?a 

r.  When  tank  is  one  third  full 

s.  1/3  lb  per  gallon 

t.  0.05  lb  per  gallon 

u.  Remove  filters,  clean  dry  unit 

V.  Remove  filters 

w.  Remove  vent  plugs 
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PROGRESS  CHECK  1 1 f.^-d 


I.      The  first  inspection  that  Is  done  before  starting  the  KRDLATOK  is  a/an 


2.      IU.sponsibUlty  for  performance  of  preventive  maintenance  service  rests  with  the 

 •   the  entire  chain  of  command  fraa  the 

  to 


^*      ser^i'ce"*^  '°        ^"^"^-^-"^  inspection  of  the  generator  falls  under 


4.       If  the  generator  does  :,ot  tarn  on.  check  to  see  If  the  unit  is  receivi 


5.  How  often  should  the  drain  lines  be  inspected? 

6.  How  often  should  the  flro  extinguisher  be  checked? 

7.  What  type  of  service  must  be  dor.«  if  th-i  unit  is  to  be  shut  down? 

«.       If  the  trailer  has  loose  trailer  mounting  nuts  what  should  you  do? 

p'J^b'lois?  '"^  ''"^^  serviced/inspected  for  major 

10.     List  five  things  that  could  go  wrong  with  the  eolution  feeders. 


opeJiuoSr^*"*^  "^""^  ''^"■^  d°  you  do  to  restore  it  tc 


ir'oiibll  cLiSrJ^r'^;;;?.;?^"'"'^""  ^"-"^"^  -^^^^^^  oould  the 
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13.    What  are  two  probable  causes  for  the  water  aftur  the  filter  not  being  clear? 


14.    List  two  reasons  why  plug  valves  leak  water  or  draw  air. 


15.    List  two  reasons  why  diatomite  filter  runs  too  short  or  too  long. 


  STOP   

Before  proceeding  any  further,  have  the  instructor  check  your  work. 

Instr  initials 
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PROGRESS  CHECK  III-6-e 


INSTRUCTIONS:     Match  the  numbered  areas  on  the  RO  unit  to  the  Mr  , 

Of  11  ™ust  be  correct.    TO  40W4-13-1  may  be'!lse3f  "^if  Ue^sVu  ^e^^eToSironcef 


Figure  6-3.    RO  Unit 


Components: 

a.  Distribution  pump 

b.  Paddles   

c.  NBC  tanks 


d.  Folded  product  irater  tanks 

e.  Sledge  hammer  

f.  Raw  water  pump   


g.  Utility  pail 

h.  Bac:<wash  pump 

i.  Storage  boxes 

J.  Brine  tank   

k*  Rubber  hose 


STOP 


Before  proceeding  any  further,  have  the  instructor  check  your  work. 


.Instr  initials 
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PROGRESS  CHECK  III-.6-.f 
INSTRUCTIONS:     Using  TO  40W4-13-1     rhftoter  q  ttt 

use.  to  p,r,o™  »lSten.„c,\;\J;  tTrtl  l^^tlT.A" ' sll'^,  I'o'^lVtl'.^l^tr'' 

1.  When  must  the  RO  elements  be  replaced? 

2.  What  inspection  procedures  are  followed  when  changing  RO  elemnnts? 

3.  List  the  first  three  steps  when  changing  cartridge  filter  tube  elements. 

*'      lluoleiV  '^'"^  replaced,  what  „«.i„tenance  procedures  need  to  be 

ItrlilTr?  ■^^"'^"'^"'^^  procedures  are  followed  in  cleaning  the  backwash  pump 

6.  What  is  a  rupture  disc  and  where  Is  it  located? 

7.  What  must  you  do  if  the  rupture  disc  opens  during  operation  of  ROWPU? 

8.  What  type  of  maintenance  must  be  performed  if  you  are  insoectinif  ni»«„i„„ 

leak  appears  around  the  handhole  covers?  inspecting,  cleaning,  or  If  a 

9.  Ust  the  three  major  steps  needed  when  replacing  handhole  gaskets. 


;i?er'Ssr'  '°  *  ^^"^"^  °"  product  water  and  brine 


  STOP   

Before  proceeding  any  further,  have  the  Instructor  check  your  work. 

 Instr  initials 
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SWIMMING  POOLS 

08JKCTIVISS 


Using  information  from  AKH  91-26  relating  to  the  operational  DrinciDl^s  «f  «u,i™mH„^ 
SC;ilitr'''  '^"^  '°         identifying  statements.    ^Jgit'^J^JiSil:  mJst  ie"'"' 

^°"structlon  features  and  major  components  of  the  pool  by  making 
written  responses  to  complote  a  diagram.     Fifteen  of  twenty  responses  must  brcoJJect. 

Complete  a  checklist  by  listing  the  m»iintonance  requirements  of  the  oools  and 
c««.pon..nt.s,  with  no  more  than  ono  instructor  assist.  pools,  and 


PKOGRESS  CHECK  I I 1^7 

be  used  once,  more  than  once  or  not  at  all.  correct.     Some  items  may 


I. 

3. 
4. 
5. 


9. 
lo- 
ll. 

12. 


COLUMN  A.  STATKMKNTS 

Chemical  used  as  coagulant  in 
swimming  pool  operation. 

Chemical  used  as  a  disinfectant  for 
swimming  pools. 

Causes  cloudiness  la  pool  water. 

pn  rungf?  in  a  swimming  pool. 

I-idoor  shimming  pool  temperature 
should  not  exceed. 

Air  Force  swimming  pool  log  sheet 
number. 

Items  to  be  inspcjcted  before  pool 
Is  opened. 

Used  to  check  turbidity. 

Time  allowed  for  water  filtration. 

Floating  material  is  removed  by. 

A  guide  used  for  the  operation  and 
backwashlng  of  the  filter. 

Usod  to  prevent  domagf-  to  the  pool 
during  freezing  temperatures. 


COLUMN  ».  TKrtMS 

a.  logs 

b.  6.8  to  8.2 

c.  7.2  to  7.8 

Standard  operational  procedures 
Compcaents 

Base  medical  authorities 
Pool  aroa 

h.  Flooding  the  pool 

i.  Aluminum  sulfate 
J.  Supplies 

k.     Black  disc 
1.  78*» 


d. 
e. 

r 


m. 
n. 
o. 
p. 
q. 

r. 
s. 


Undissolved  chemicals 

Chlorine 

6  to  8  hours 

AF  i'orra  708 

Medical  equipment 

71  • 

AFH  85-13 


STOP 


But  ore  proceed  I      any  further,  have  the  la 


structor  check  your  work. 


Instr  initials 
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PROGHESS  CHECK  TII-?-b 


a.  Brdltttor 

b*  turbidity  marker 

c.  Drain 

d.  Return  inlet 

e.  ROWPU 

f.  Fill  pipe 


Figure  7-1.  Pool 

g>  Shower/dressingroom 

hm  Pump  room 

i.  Vading  pool 

J.  Overflow  trough 

k.  Lane  indicators 

1.  Filter 


 g.pQp  ^ 

Before  proceeding  any  further,  have  the  instructor  check  your  work. 

 Instr  initials 
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PROGRESS  CHECKLIST  III-7-C 
MAINTENANCE  CHECKLIST 

PART  1 

IN«THUCTIONS:    During  the  rield  trip  to  the  base  swimming  pool,  obsorve  and  Inspect  the 
pool  components.    Using  the  list  of  pool  components  below,  wrlU  the  ^otlJeab?^^^^ 
maintenance  requirements  of  oach  item.    Each^teir.  must  ha^e  an  answer? 


I. 
2. 


POOL  COMPONENT 

General  housekeeping 
Safety  items 
a.    Guard  rails 

Life  preservers 
Signs 

Color  codes 
Non-slip  devices 
Water  fountain 
Electricity 


b 

c 
d 

e, 
f. 

g< 
h. 


Personnel  autho< 
rized 


1.  Horseplay 

J«    Chemical  storage 

k •  Tools 

1.  Others 
3 •  Pumps 
4,  Piping 
5«      Hair  catcher 
6.  Filter 
7«  Feeders 
8.      Safety  equipment 
9«  Forms 
10.  Security 


CONDITION  OR  DIFFICIENCY 
NOTICED 


CORRECTIVE  ACTION 


STOP 


Before  proceeding  any  further,  have  the  instructor  check  your  work. 
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EXPLANATION  OF  TERMS 


Bacteria  -  A  group  of  one  cell  organisms  lacking  chlorophyll.     Bacteria  are  usually 
regarded  as  plants. 

Aerobic  -  Bacteria  that  need  oxygen  to  survive. 

Anaerobic  -*  Bacteria  that  do  not  need  oxygen  to  survive. 

Faculatlve  anaerobic  ~  Bacteria  that  adapt  to  growth  In  either  absence  or  presence 

of  oxygen. 

Pathogenic  -  Bacteria  that  cause  disease. 

Detention  -  the  period  of  time  from  when  the  wastewater  enters  a  tank  until  It  leaves 
the  tank. 

Digestion  -  the  breaking  down  of  water  to  a  more  stable  form  by  bacteria. 

Digested  ~  Digested  sludge  has  been  stablll7ed  enough  through  anaerobic  decomposition  to 
permit  handling  without  any  nuisance. 

Effluent  -  Outlet  of  a  plant  or  from  any  piece  of  equipment. 

EPA  -  Environmental  Protection  Agency. 

Grit  *  Inorganic  matter  such  as  sand,  gravel,  rock,  etc. 

Inorganic  -  Material  that  has  no  life  or  has  never  had  life  such  as  dirt,  rock, 
minerals,  etc. 

Liquor  -  A  mixture  of  activated  sludge  and  wstewater  In  the  aeration  tank  undergoing 
activated  sludge  treatment. 

Organic  ~  Any  matter  having  had  life  such  as  skin,  vegetable  material  and  foods. 

Pollution  -  A  condition  created  by  the  presence  of  harmful  material  In  water. 
Pollutant  ~  The  harmful  material  Itself. 

Polluter  ~  Person  or  activity  which  Is  not  correctly  disposing  of  Its  pollutant. 

Potable  -  Water  Is  said  to  be  potable  when  it  does  not  contain  objectlonal  pollution, 

contamination »  minerals  or  infective  agents  and  is  considered  satisfactory  for 
domestic  consumption. 

Purification  -  The  removal  of  objectionable  matter  from  water  by  natural  or  artificial 
methods. 
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Septic  -  Sew/Age  is  said  to  be  septic  when  undergoing  putref ication  under  ai:serobic 
conditions,  foul  smelling. 


Supernatant  -  The  liquid  between  the  sludge  on  the  bottom  and  the  scum  on  top  in  a 
digester. 

Treatment  -  The  process  of  removing  pollution  from  wastewater. 

Preliminary  -  The  removal  of  objects  which  are  injurious  to  sewers,  plant  equipment 
and  treatment  processes . 

Primary  -  The  first  major  treatment  in  a  wastewater  plant,  removal  of  the  settleable 
solids. 

Secondary  -  The  removal  of  suspended  solids  by  biological  methods. 

Tertiary  -  The  removal  of  finely  divided  solids  which  will  not  settle  but  may  be 
removed  by  coagulation  or  filtration. 

Wastewater  -  The  spent  water  of  a  community.     From  the  standpoint  of  source,  it  may  be  a 
combination  of  the  liquid  and  water-carried  wastes  from  residences,  commer- 
cial buildings,   industrial  plants,  together  with  and  ^groundwater ,  surface 
water  and  storm  water  that  may  be  present. 


NOTE:     For  additional  definition  of  terms  pertaining  to  wastewater  treatment,  see 
glossary  in  AFM  91-32. 
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CHARACTERISTICS  OP  WASTEWATER 


OBJECTIVE 


Given  Information  concerning  the  characteristics  and  componltlon  of  wastewater  and  a 
list  of  Incomplete  statements  and  phrases,  write  the  terms  or  phrases  to  complete  each 
statement.     Fifteen  of  the  twenty  statements  must  be  correct. 

INTRODUCTION 

I'*;  Is  the  function  of  the  base  wastewater  treatment  plant  to  collect  wastes  from 
households,  streets,  businesses  and  Industry  on  an  Air  Force  base.    The  wastewater 
treatment  plant  Is  responsible  to  provide  for  Inoffensive  and  reliable  collection  and 
safe  disposal  of  these  water  carried  wastes.    The  treatment  of  «"'stewater  begins  where 
the  treatment  of  the  water  supply  ends-     All  treatment  of  wastewater  Is  Important.  It 
comes  from  the  drains  and  pipes  of  the  base  collection  system,  goes  through  your  treat- 
ment plant,  and  ends  In  the  stream  or  ground  water  which  receives  the  wastewater 
effluent. 

The  method  for  wastewater  disposal  will  vary  with  the  situation.  Wastewater 
disposal  Is  not  a  glamorous  operation.     A  sewer  line  brings  nothing  to  a  small  town  or 
city.  Its  location  Is  underground  where  no  one  will  see  It,  and  Its  only  service  Is  to 
take  away  that  which  Is  not  wanted.     If  you  think  about  It,  the  more  efficient  the 
wastewater  plant  Is,  the  less  noticeable  It  Is.     When  you  leave  here  you  may  be  assigned 
to  a  base  wastewater  plant*    Your  knowledge  of  classes  and  sources  of  wastewater  will 
help  you  become  a  better  plant  operator*    Wastewater  Is  made  up  of  various  types  of 
wastes  from  different  areas,  and  may  come  from  a  base  or  a  city.    These  different  types 
of  wastes  are  classified  as  either  domestic  wastewater  or  Industrial  wastewater.  When 
you  graduate  from  this  course,  you  will  be  going  to  a  base  and  perhaps  be  operating  a 
waste  treatment  plant.    You  must  be  able  to  recognize  the  equipment  used  In  the  plant 
and  how  It  operates.     These  subjects  will  be  covered  under  the  folio- Ing  topics. 


Domestic  waste  is  liquid  or  seml-solld  wastes  from  latrines,  slop  sinks,  kitchens, 
showers  and  other  sanitary  conveniences.     Storm  run-off  Is  not  normally  included  In 
sanitary  wastewater.    Although,  wastewater  contains  considerable  floating  matter 
Including  fecal  solids,  paper,  grease,  and  kitchen  refuse,  about  99.9%  by  weight  of  the 
total  volume  Is  water.    Wastewater  generally  has  a  higher  temperature  than  the  water 
supply.     When  fresh,  it  is  usually  gray  and  almost  odorless;  when  stale  and  septic, 
wastewater  is  dark  and  has  a  rotten  or  putrid  smell.    Ordinarily  turbid,  sanitary  waste- 
water becomes  more  septic  as  it  grows  older. 


Plant  operators  should  be  familiar  with  all  the  industrial  operations  at  their  base^ 
These  wastes  can  be  very  hazardous  to  the  wastewater  plant  operators  as  well  as  to  the 
treatment  plant  and  the  collection  system.     It  is  advisable  to  pretreat  industrial  waste 
before  it  enters  the  collection  system.    There  will  be  times  when  this  is  not  possible, 
because  of  the  size  of  the  base.     Industrial  wastes  can  be  very  low  or  high  in  pH 
because  of  acids/bases  used  in  their  processes. 

Industrial  waste  may  include  liquids  such  as  acids,  alkalines,  phenoles,  oils  and 
cleaning  solutions,  which  result  from  aircraft  washing  and  industrial  operations.  When 
the  volume  of  :/aste  is  small,   it  is  norma ly  disposed  of  through  the  sanitary  wastewater 
treatment  plant.     In  some  cases,  however,  it  is  necessary  that  separate  industrial  waste 
treatment  plants  be  constructed. 


INFORMATION 


COMPOSITIONS 


Domestl c 


Industrial 
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CHARACTERISTICS  OF  DOMESTIC  AND  INDUSTrtlAL  WASTEWATER 


The  wastewater  plant  operator  on  an  Air  Force  base  must  know  the  wastewater  charac- 
teristics and  the  different  material  in  it.     Knowing  these  factors,   the  operator  can 
provide  the  right  treatment  for  their  base.     How  your  wastewater  plant  will  operate  is 
going  to  be  determined  by  the  change?  that  the  operator  makes  to  the  plant  as  the 
different  types  of  wastewater  enter.     The  contents  of  wastewater  depend  largely  upon 
where  it  comes  from.     The  general  term  wastewater  is  used  to  describe  all  waste 
materials  flowing  through  the  sanitary  wastewiiter  system, 
supply  of  a  bpse  after  it  has  been  fouled  by  many  uses. 


It  is  largely  the  water 


Domestic  and  industrial  wastewater  has  siir.ilar  effects  on  plant  operation.  These 
effects  include  the  clogging  of  pumps,   coating,  of  equipment  with  grease,  reducing  flow, 
blocking  flow,  creating  offensive  odors,  increasing  the  biochemical  oxygen  demand,  and' 
raising  or  lowering  the  pH.     One  important  difference  between  the  effects  of  domestic 
and  industrial  waste  is  that  industrial  waste  may  kill  the  helpful  bacteria  when  it 
enters  a  domestic  waste  plant  in  large  quantities. 

Materials  frequently  contained  in  sewage  are  grouped  under  the  following  headings: 
1.       Liquids  2. 


a. 
b. 
c. 
d. 
e. 
f . 

g- 
h. 


Oil 

Soaps 

Acids 

Alkalies 

Gasoline 

Kerosene 

Milk 

Alcohol 


Organic  Mktter 

3. 

Inorganic  Matter 

a.  Sticks 

a. 

Rocks 

b.  Paper 

b. 

Gravel 

c.  Leaves 

c». 

Sand 

d.      Cotton  products 

d. 

Meal  products 

e.      Food  stuff 

e. 

Glass 

f.       Fecal  matter 

f. 

Metals 

g.      Small  ai:imals 

h.      Plastic  products 

PHYSICAL  PRINCIPLES  AND  PROCESSES 

Wastewater  usually  contains  a  quantity  of  undigestible  inorganic  or  mineral  matter 
such  as  sand,  gravel,  glass,  metal,  and  even  some  large  organic  matter  that  must  be 
removed.     The  removing  or  grinding  or  shredding  of  this  matter  is  referred  to  as  physi- 
cal principle.     Sludge  drying  beds  are  also  considered  a  physical  treatment  since 
evaporation  takes  place,  and  no  chemical  or  biological  process  takes  place.  Grease 
removal  is  also  a  physical  treatment.     It  can  therefore  be  understood  that  any  treatment 
the  wastewater  receives  other  than  chonlcal  or  biological  can  be  referred  to  as  physical 
treatment. 

We  need  to  know  about  the  equipment  we  use  at  a  wastewater  plant  fc^-  the  physical 
treatment  processes.     These  include  screens,  shredders,  grit  removers,  pre-aerators  and 
measuring  devices. 

CHEMICAL  PROCESSES 

The  use  of  chemicals  in  wastewater  treatment  is  very  limited.     The  most  common 
chemical  treatment  is  the  addition  of  chlorine  for  disinfection  of  the  plant  effluent. 
Chlorine  may  also  be  used  to  control  odo*s  and  help  correct  operational  problems  in  the 
plant.     Another  chemical  that  may  be  used  is  lime.     Lime  is  usually  used  to  raise  the  pH 
in  a  dlgestor.     Enough  lime  should  be  added  to  maintain  the  pH  at  about  7.0.  Other 
chemicals  may  be  used  depending  on  the  type  of  treatmtmt,  but  these  are  the  two  most 
common . 
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BIOLOGICAL  PROCESSES 


Bacteria  In  wastewater  are  of  three  types:     aerobes,  which  live  and  develop  in  the 
presence  of  free  oxygen;  anaerobes,  which  live  and  develop  in  the  absence  of  oxygen;  and 
facultative  bacteria,  which  are  active  under  either  condition.     Almost  all  wastewater 
bacteria  feed  or  organic  matter  and  their  feeding  activities  aid  in  the  process  of 
decomposition.     Some  types  of  bacteria  are  pathogenic  or  diseases-bearing;  these  usually 
originate  in  body  wastes  discharged  by  victims  or  carriers  of  infectious  disease  such  as 
typhoid,  dysentery,  and  cholera.     The  bacteria  decompose  or  break  down  the  solids  into 
different  compounds  as  a  r  :}sult  of  their  feeding  activity.     Fresh  wastewater  contains 
enough  free  oxygen  to  support  the  aerobic  bacteria, 

SOURCES  OF  WASTE 

Domestic  Waste 

This  type  of  wastewater  comes  from  all  over  the  base  area.     It  comes  from  the 
kitchen  and  bath  rooms  in  the  base  housing  area.     It  also  comes  from  the  dining  halls 
and  troop  living  areas  on  the  base.     The  other  source  is  from  the  buildings  on  base 
with  latrines.     Most  of  the  wastewater  being  treated  on  Air  Force  bases  will  be  of 
the  domestic  class. 

Industrial  Waste 

This  type  of  waste  will  be  from  the  laundry  and  dry  cleaning  plants,  metal  cleaning 
and  plating  processes,  paint  spray  booths,  airplane  and  vehicle  washing  racks,  plant 
boiler  blowdowns,  photo  labs  and  fire  fighting  areas,  etc. 

NOTE:     For  additional  information  read  AFM  91-32,  Chapter  1,  Introduction  to 
Wastewater  Treatment,  Section  2  thru  4,  para.  1.2.1  thru  1.4.5. 


EXERCISE  IV-l-la 
PART  1 

INSTRUCTIONS 

Answer  the  following  questions  on  characteristics  of  wastewater. 
1.      What  are  two  classes  of  wastewater? 
a* 


b. 


2.      Domestic  wastewater  comes  from  what  specific  place? 


3*       Industrial  wastewater  comes  from  what  specific  place? 


4.      What  percent  of  wastewater  by  weight  is  water? 


5.      What  is  the  effect  of  industrial  waste  on  a  treatment  plant? 
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6. 


Name  four  sources  of  domestic  wastewater, 
a. 


b.  

c*  

d.  

7.      Name  three  organic  materials, 
a. 

b.  

c. 


8.      Name  three  inorganic  materials, 
a. 

b.  

c . 


9.      What  is  the  color  of  fresh  wastewater? 


10.     How  does  the  temperature  of  wastewater  compare  with  that  of  the  water  supply? 


U.     Name  the  three  treatment  principles, 
a. 
b. 
c. 

:2.    How  does  bacteria  break  wastewater  down? 

3.  Bacteria  in  wastewater  are  of  what  three  types? 
a.  

b. 
c. 

4.  What  is  chlorine  used  for  in  wastewater? 

5.  What  is  Hydrated  lime  used  for? 
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EXERCISE  IV-l-la 
PART  2 

INSTRUCTIONS 

List  under  the  three  headings  the  materials  frequently  contained  in  wastewater. 
1«     Liquids  1.     Organic  Hatter  3.     Inorganic  Hatter 

a  •  a «  a « 


  b.    b. 

c*    c»   c« 

d«   '   d*    d« 

e.    e.   

f.    f.  

g-     

h.  h. 


PROGRESS  CHECK 

You  should  be  ready  for  the  progress  check.  If  you  feel  you  need  to  review  some  of 
the  previous  instruction,  do  so.  The  progress  check  is  prepared  as  a  separate  publica- 
tion and  controlled  by  the  instructor.  You  must  do  the  progress  check  under  instructor 
supervision  and  complete  it  prior  to  leaving  for  the  day. 
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SUMMARY 


In  this  study  guide/workbook  you  have  become  familiar  with  the  classes  and  sources 
of  wastewater.     It  is  necessary  that  we  have  a  safe,  sanitary  method  of  disposal.  Some 
areas  of  the  base  will  yield  both  classes  of  wastewater.     Wastewater  is  made  of  various 
types  of  waste  from  different  areas.    This  waste  is  either  domestic  or  industrial. 
Domestic  waste  consists  of  waste  from  latrines,  slop  sinks,  kitchens,  showers  and  other 
sanitary  conveniences.     Industrial  wastes  consist  of  acids,  oils  and  metal-treating 
solutions.     In  this  study  guide  you  have  read  about  the  principles  of  waste  treatment 
and  the  equipme.it  used. 


AFM  91-32,  Operation  and  Maintenance  of  Domestic  and  Industrial  Wastewater  Systems 
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WASTEWATER  PLANT  SAFETY 


OBJECTIVE 


Given  a  list  of  unsafe  conditions  and  violations,  select  the  safe  rule  or  practice 
to  eliminate  the  violation.     Seven  of  the  ten  must  be  correct. 

INTRODUCTION 

In  this  study  guide/workbook  we  will  discuss  wastewater  plant  safety.     The  Occupa- 
tion Safety  and  Health  Act  of  1970  first  became  law  April  18,  1971.     The  purpose  of  the 
Act  is  to  Identify,  eliminate  or  correct  hazardous  and  unhealthy  conditions.  Correction 
of  these  conditions  in  the  Air  Force  will  save  lives,  provide  better  health  and  protect 
Air  Force  property.     Wastewater  plant  safety  management  practices  will  be  corrected 
according  to  OSHA  recommendations. 

INFORMATION 

Safety  Regulation 

The  Air  Force  complies  with  two  agencies  on  safety.    Policies  already  set  by  OSHA 
(Occupational  Safety  and  Health  Program)  are  not  duplicated  in  AFOSH  (Air  Force  Occupa- 
tional and  Health  Program).    You  as  a  wastewater  plant  operater  will  comply  with 
standards  set  by  both  agencies.    OSHA  specifies  that  each  worker  is  responsible  to 
follow  safe  procedures  at  all  times.    A  worker  is  responsible  for  following  safe 
procedures,  properly  using  the  safety  equipment  provided,  and  to  perform  their  tasks  in 
a  safe  manner. 

Safety  Programs 

It  is  good  management  practice  to  have  a  safety  program.    A  good  safety  program  pays 
off  in  the  long  run.     It  will  improve  worker  efficiency,  it  will  keep  morale  up,  and 
the  workers  will  be  on  the  Job  instead  of  off  the  Job  in  a  hospital.     In  the  long  run 
the  Air  Force  medical  costs  will  stay  way  down.     In  the  Air  Force  Water  and  Wastewater 
treatment  plant »  operators  can  have  as  many  accidents  as  other  shops  in  the  Air  Force. 
This  situation  can  be  improved  only  by  the  combined  efforts  of  all  workers.  Supervisory 
as  well  as  workers  must  be  alert  at  all  times.    Weekly  safety  briefings  can  be  held  by  a 
water  and  a  wastewater  section.    At  these  meetings,  safety  hazards  are  identified, 
discussed,  and  actions  taken.    Another  method  used  fcr  a  safety  program  is,  select  one 
person  from  the  workers  as  a  representative  to  follow  up  on  reported  safety  items.  That 
person  should  be  informed  at  all  times  of  the  updated  action  taken  on  safety  by  the 
supervisors.    The  accident  we  are  trying  to  prevent,  with  good  safety  programs,  may  be 
yours  I 

Protective  Equipment 

Environmental  Support  personnel  are  responsible  for  using  the  safety  equipment  to 
the  greatest  practical  extent.    All  new  employees  will  be  instructed  as  to  the  purpose 
and  use  of  personal  safety  equipment.    Correct  use  of  the  safety  equipment  will  be 
understood  by  all  employees.    Personal  safety  equipment  is  designed  to  protect  a 
person's  eyes,  face,  head,  nose,  throat,   lungs,  ears,  hands,  feet  and  body.     It  doesn't 
matter  how  much  safety  equipment  a  person  has,  it  will  not  protect  a  worker  from  unsafe 
actions  or  conditions.     It  can  only  supplement  safe  work  or  work  habits. 

Safety  Rules  and  Practices 

There  are  many  safety  rules  and  practices  used  in  the  Environmental  field.  Below 
are  listed  a  few  that  you  need  to  be  familiar  with  to  begin  work  in  the  wastewater 
treatment  area. 

1«    Face  and  eye  protection.    All  operators  m^ast  wear  approved  glafises,  goggles,  or 
face  shields  during  any  Job  where  harmful  materials  or  chemicals  could  contact 
the  face  or  eyes. 
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2.  Head  protection.    All  wastewater  plant  i^ersonnel  working  in  any  areas  where 
there  is  danger  from  falling,  flying  tools  or  other  objects  must  wear  approved 
hard  hats. 

3.  Breathing  protection.     In  all  dusty  areas,  filter  masks  should  be  used  to  guard 
against  dust  from  toxic  material. 

4.  Rand  and  foot  protection.    When  handling  rough,  sharp,  hot  or  chemically  active 
materials  wear  regular  work  gloves  for  protection  from  dirt,  friction  or 
scratches.    Wear  safety-toed  shoes  with  non-skid  soles  to  prevent  slips.  Always 
wear  rubber  boots  with  non-skid  soles  when  working  in  wet  areas. 

5.  Body  protection.    Overalls  or  coveralls  are  acceptable  for  most  jobs.  When 
working  on  ladders  or  scaffolding,  use  the  buddy  system  to  prevent  falls. 

6.  Hearing  protection.    When  noise  exceeds  specified  levels,  you  must  wear  earpads 
or  earplugs.     These  protective  devices  must  be  fitted  by  a  competent  hospital 
technician.     Never  wear  cotton  plugs,  they  are  inadequate  protection. 

Hazardous  Operations 

Some  of  the  dangers  in  Wastewater  plant^  include,  but  are  not  limited  to,  the 
following: 

1.  Infectious  diseases 

2.  Oxygen  deficiency 

3.  Toxic  gases 

4.  Explosive  gases 

5.  Fire 

6.  Electrical  shock 

7.  Too  much  noise 

8.  Physical  injuries  form  falls,   lifting,  falling  objects,  tools  and  equipment 

All  the  dangers  listed  above  can  happen  at  anytime  in  the  plant.     But  the  most 
common  danger  around  a  wastewater  plant  is  gases.    Below  are  listed  but  a  few  place 
where  they  exist. 


1. 

Laboratories 

2. 

Secondary  treatment  areas 

3. 

Chlorine  storage  areas 

4. 

Sludge  digestion  and  storage  tanks 

5. 

Screening  and  shredding  areas 

6. 

Pump  lift  stations 

7. 

Covered  pits,  wells  or  valve  rooms 

8. 

Manholes,  especially  deep  ones 

NOTE:     Read  the  following  additional  information  on  Safety,  using  AFM  91-32,  Chapter  17, 
Section  2,   Identification  of  Hazards;  Section  3,  Protective  Equipment,  para. 
17.3.1  -  17.3.3,  para  17.3.6  -  17.3.7;  Section  5,  Treatment  Plant  Hazards,  para. 
17.5.1  -  17.5.2,  para.   17.5.7  -  17.5.8. 
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EXERCISE  IV-2-2a 
PART  1 

INSTRUCTIONS 

Answer  the  following  questions  on  Wastewater  Plant  safety. 


1. 

What 

two  agencies  does  the  Air  Force  comply  with  on  Safety? 

o 
2* 

What 

does  a  good  safety  program  do  for  wastewater  plant  employees? 

3. 

How  can  safety  programs  be  improved  in  the  wastewater  shop? 

4. 

What 

is  personal  safety  equipment  designed  to  protect? 

5. 

What 

does  the  safety  rule  for  face  and  eye  protection  state? 

What  does  the  safety  rule  for  hearing  protection  state? 


PART  2 

INSTRUCTIONS 

List  below  the  common  areas  where  the  danger  of  wastewater  plant  gases  will  exist- 
1. 

2.  

3.  

4.  

5.  

6.  

7.   

8. 
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PART  3 

INSTRUCTIONS 

Dse  AFM  91-32  to  answer  the  following  questions.    Answers  listed  below, 

!•      The  wearing  of     ,  in  laboratories  and  where 

corrosive  fumes  exist,  is  prohibited. 


2*      Filter  masks  can't  protect  against 


deficiency • 


3,      Ordinary  won;  shoes  should  have 


soles  to  prevent 


4«      It  Is  heavier  than  air  and  usually  concentrates  in  low  areas  - 


5«      Always  assume  any  manhole  contains 


until  proven  safe. 


6,      All  gas  burning  equipment  must  be  fitted  with  effective 


7,      Before  pumping  and  lift  station  maintenance  repair  always 
and  all  power. 


8.      Never  start  a  positive  displacement  pump    gainst  a 
va Ive • 


9.  The 


of  safety  training  seems  most  effective. 


10,    Phone  numbers  for  base  medical  service  should  be 
every  phone  in  the  treatment  facility* 


posted  above 


ANSWERS 


Contact  lens 
Flame  arrester 
Hydrogen  sulfide 
Slips 

Closed  discharge 
Lock  out 


Switch  off 

Permanently 

Oxygen 

Non-skid 

Gas 

Buddy  system 


PROGRESS  CHECK 

Tou  should  be  ready  for  the  progress  check.  If  you  feel  you  need  to  review  some  of 
the  previous  instruction,  do  so.  The  progress  check  is  prepared  as  a  separate  publica- 
tion and  controlled  the  instructor.  Tou  must  do  the  progress  check  under  instructor 
supervision  and  complete  it  prior  to  leaving  for  the  day. 
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SUMMARY 


vn,.  w         guide/workbook  you  have  become  familiar  with  Wastewater  Plant  Safety 

YOU,  as  the  Wasterwater  plant  operator  must  comply  with  the  safety  programs  set  up  by 
w^=tJ"?!r^f°'';  ^^^^^        familiar  with  OSHA  and  AFOSH  programs.     As  , 

!    ^         operator,  know  your  protective  equipment.  Safty  rules  and  practices, 
♦"^f  °5  Pl"*  produces  hazardous  operations  and  the  precautons  that  you 

can  take  the  guard  against  injury  or  even  death. 

REFERENCE 

AFM  91-32.  Operation  and  Maintenance  of  Domestic  and  Industrial  Wastewater  Systems 
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3770  Technical  Training  Group 
Sheppard  Air  Force  Base,  Texas 


SW  J3ABR56631  OOO-IV-3 


POLLDTION  <:ONTROL  POLICIES  AND  PROGRAM 

OBJECTIVE 

Given  Information  concerning  Environmental  Pollution  Control  Policies  and  Programs 
and  a  list  of  Incomplete  statements,  write  the  phrase  or  term  to  complete  each  state- 
ment.   Seven  of  the  ten  must  be  correct. 

Given  Information  related  to  hazardous  waste  material,  select  the  phrase  or  term 
which  correctly  answers  written  statements.    Seven  of  the  ten  answers  must  be  correct. 

INTRODUCTION 

It  Is  the  function  of  the  base  wastewater  disposal  plant  to  collect  wastes  from 
households,  streets,  businesses  and  Industry  on  an  Air  Force  base.    The  wastewater 
treatment  plant  Is  responsible  to  provide  for  Inoffensive  and  reliable  collection  and 
safe  disposal  of  these  water  carried  wastes.    The  treatment  of  wastewater  begins  where 
the  treatment  of  the  water  supply  ends.  -  All  treatment  of  wastewater  Is  Important.  It 
comes  from  the  drains  and  pipes  of  the  base  collection  system,  goes  through  your  treat- 
ment plant,  and  ends  In  the  stream  or  ground  water  which  receives  the  wastewater 
effluent. 

INFORMATION 

Why  Controls  Are  Necessary 

Operating  the  wastewater  plant  Is  more  than  collecting  the  wastewater  from  one 
place  and  discharging  It  at  another  place.    As  a  wastewater  plant  operator  you  must  have 
more  than  one  skill.  Skills  In  chemistry  and  lab  work  are  necessary,  as  well  as  math  and 
enC-neering.    How  much  treatment  wastewater  must  have  before  It  Is  released  to  a  stream 
or  river  can  vary  from  no  treatment  at  all,  to  treatment  resulting  In  wastewater  being 
brought  to  the  quality  of  potable  water.    The  purpose  of  having  wastewater  treatment  Is 
not  to  purify  It  completely,  but  to  have  a  wastewater  which  can  be  released  safely 
without  bad  odors  and  pollution  of  the  receiving  stream.    One  of  the  most  Important 
factors  Is  the  area  in  which  the  wastewater  Is  discharged.    The  wastewater  plant 
operator  must  treat  the  wastewater  so  that  together  with  the  natural  self-purl fl cation 
action,  the  water  receiving  the  effluent  Is  safe.     We  must  keep  In  mind  that  wastewater 
treatment  means  much  more  than  having  safe  drinking  water.     It  helps  to  protect  the 
water  supply  for  livestock  purposes.    Livestock  herds  have  been  completely  destroyed  by 
bacteria  that  got  Into  their  water  supply. 

Federal  and  State  Regulations 

A  permit  Is  not  a  license  to  pollute.    We  must  keep  in  mind  that  a  permit  regulates 
what  may  be  discharged  and  how  much.     It  sets  limits  for  the  plant  discharge  co  a 
stream.    The  permit  also  requires  wastewater  treatment  plant  operators  to  check  the 
plant  effluent  and  report  the  amount  and  nature  of  all  waste.    What  group  sets  these 
controls  that  all  plants  must  comply  with?    NPDES  (National  Pollutant  Discharge  Elimina- 
tion System),  this  new  permit  system  of  1972,  replaces  the  old  permit  system  of  1899, 
Refuse  Act.    This  new  permit  system  Is  an  effort  to  do  away  with  water  pollution.  This 
law  will  require  Industries  to  use  the  best  practicable  method  to  control  their  water 
pollution.    This  law  will  also  require  publicly-owned  wastewater  treatment  plants  to 
give  a  minimum  of  secondary  wastewater  treatment.     If  our  rivers,  lakes  and  streams  are 
still  being  polluted,  then  EPA  will  set  even  more  stringent  laws  on  those  pollution 
sources  so  that  those  standards  will  be  met.    Non-,  If  a  company,  city  or  town  does  not 
heed  these  laws,  they  can  be  fined.    They  could  be  fined  up  to  10,000  dollars  a  day. 
If  they  keep  It  up,  this  could  bring  a  fine  u;^-  to  25,000  dollars  a  day  and  at  least  one 
year  in  prison  for  the  first  offense.     If  they  should  repeat  the  violation  then  It  could 
be  a  fine  of  50,000  dollars  a  day  and  two  years  In  prison.     EPA  can  Issue  tickets  that 
will  be  backed  up  In  Federal  courts.     The  NPDES  permit  lets  concerned  citizens  find  out 
what  an  Industry  or  Air  Force  base  Is  discharging  Into  the  water  and  what  he  or  she  can 
do  to  stop  the  pollution  or  make  the  polluter  meet  legal  requirements. 
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Who  Is  BPA?    (Environmental  Protection  Agency)  EPA  Is  required  to  have  nationwide 
wastewater  effluent  limitation.     EPA  has  the  right  to  refused  permit  1?  ?hrpermT?  loes 

?rthre}?ire:J  J«f„^:.°^^'j^^'"''°""-  ^«  ^^^^  ^'^^^^^  to  reiSL^a  per-Jr 

If  the  effluent  being  discharged  runs  into  another  state's  river.     It's  llleKal  under 

to  discharge  unwanted  waste  products  Into  the  nation's  wa^l^s.  Scept 
under  an  NPOES  permit.    Pollutants  covered  by  this  permit  are:     Solid  wa ste    1 ncl nerat or 

^a^d^2^ct^:^^lT'f^•  ^r^'^P*  ^'^'^!!'  "~«tlons.  chemical  wastes?  blol^lcT  mJterl^s? 
radioactive  materials,  heat,  wrecked  or  discarded  equipment,  rock,  sandf  cellar  dirt 
and  industrial,  municipal  and  agricultural  wastes  discharged  into  water. 

The  next  agency  we  need  to  talk  about  Is  the  state  agency.    A  state  can  ooerate  its 
own  permit  program.     However,  It  must  call  for  treatment  at  least  eqml  ^  tte^^hl  rol 
Dol?.tfo;    ^rt  ^^'^  must  have  the  power  to  enter,  look  at,  and  moXr  JSe  Purees  S 
S^t  ^nd       llJt.       ""f  ''V^J?  '°  polluters  to  install  monitoring  equlpf 

meit  and  to  keep  records  and  file  reports.     The  state  must  have  an  EPA  program  to 
furnish  the  public  with  quality  water.     The  state's  permit  program  must '^[et™ he  public 
ne^        r^r^K*  ?f  ^l^^  discharge  reports  and  the'^permlts.     The  last  p^rty  we 

altit  lMl^  f  1°°*^  ^K^^-^y-    Concerned  citizens  can  ha?e  a 

^Ln"J?%  ^  \<^leaner  environment.     The  citizen  can  monitor  wastewater 

effluent  given  off  by  a  wastewater  plant.    The  citizen  can  work  to  Insure  that 

rf«®nie®I„?«Il!lH    Sr^J®  ''r®  """"^y  ^"'^  ens^'-e  that  wastewater  control 

laws  are  enforced.  The  local  agency  can  make  sure  polluters  move  forward  on  wastewater 

^ITrJ^T'  ^""^  "^^""^  ^""^  standards.     They  can  request  anrt^kr^Trt  Sn^uM?! 

o^wfJ^rcSaJf^g^-^ik^trSzTrS!^  treated , ''^S^^;^^3TosL' 

^^^^  ^1^*^^  guide/workbook  you  have  learned  why  wastewater  controls  are  necessarv 
to  keep  our  streams,  lakes,  rivers  and  oceans  free  from  pollution.     Your  Job  as  a  Jflte- 
water  treatment  plant  operator  Is  an  Important  one.     The  treatment  you  give  the  effluent 
will  mean  more  safe  drinking  water  for  the  public.     It  will  also  Insure  a  more  sZfe 
water  supply  for  livestock.     Industrial  wastes  give  off  excess  odors  and  carry  many 
Jre-L^^®*  wastewater  plant.     We  are  lucky  In  the  Air  Force  to  have  good 

treatment  facilities  for  our  wastewater.  b""u 


Wastewater  pollution  controls  set  a  limit  on  the  plant  discharge  t 


standards  must  be  met.  Towns  and  cities  may  be  fined  so  much  per  day  as  long 'as  they 
continue  to  put  their  wastes  Into  a  water  source.  ^ 

The  state  has  the  power  to  enter,  to  look  at  and  to  monitor  the  sources  of  pollu- 
1.     The  state  EPA  must  have  a  program  to  give  the  pulblc  a  good  quality  drinking 


tlon. 
water 


The  local  agency  Is  run  by  the  citizens  of  the  community.    The  local  peoDle  can 
n^hrtn"t  °f  their  treatment  systems  to  a  higher  agency.    They  also  have  the 

right  to  take  court  action  against  any  polluters. 

Military  Requirements 

^^^J'^f^^'^^tl  treatment  plants  on  an  Air  Force  base  must  comply  with  all  rules  and 
regulations  the  same  as  civilian  treatment  plants.     In  executive  order  11752  the 
oofriJfo^      H  ^^t^f  ^^^'^  "  ^^""^  the  Federal  Government  In  the  design, 

^^ffZl  Z  «;'''l^"«l'>tenKnce  of  its  facilities  shall  provide  leadership  In  the  nationwide 
tl  ?  enhance  the  quality  of  our  air  and  water  resources.    This  means 

that  an  Air  Force  base  should  exceed  the  standards  required  of  their  civilian 
counterparts. 

has  established  In  AFR  19-1,  Environmental  Policies 
for  Environmental  Protection  and  Pollution  Control.     The  Air  Fo^ce  will  eliminate  or 
«T,  wLfoir"""®?  \  P°""tants  caused  by  or  resulting  from  Air  Force  operations.  You 
as  a  Wastewater  plant  operator  will  help  prevent  and  control  pollution.     You  will  helo 
support  local  community  polluton  programs.     As  a  plant  operator  you  will  reduce  or 
eliminate  waste  at  generating  points,  help  keep  chemicals  and  materials  that  you  order 
for  use  at  your  base  from  causing  pollution,    an  Air  Force  member,  comply  fully  with 
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all  Air  Force  directives  on  polluton  control.    Exempt  certain  areas  from  control 
standards  in  the  interest  of  national  security.    These  actions  must  be  Justified  and 
approved  and  must  include  recommendations  of  federal,  state,  and  local  pollution  control 
agencies.    As  a  wastewater  plant  operator,  you  must  discharge  or  dispose  of  wastes  in  a 
manner  which  does  not  affect  the  health  of  people,  result  in  harm  to  animals  or 
wildlife,  and  last,  result  in  ground  water  contamination. 

Wastewater  Pollution  Control 

The  organic  nature  of  human  and  domestic  wastes  cause  the  Biochemical  Oxygen  (BOD) 
of  the  stream  that  receives  the  effluent  from  the  wastewater  plant  to  run  high.  The 
oxygen  demand  is  placed  there  by  large  amounts  of  organic  contaminants  and  suspended 
organic  solids  present  in  the  waste.    The  demand  for  oxygen  may  be  great  enough  to 
exhaust  the  oxygen  resources  of  the  receiving  waters,  create  unpleasant  taste  and  odors, 
and  lead  to  septic  conditions.     To  protect  the  health  and  comfort  of  the  public,  waste- 
water must  be  collected,  treated  and  disposed  of  without  creating  a  nuisance  or  a  health 
hazard.     Wastewater  is  usually  discharged  from  dwellings  and  coinmerical  buildings. 

Maintain  and  Submit  Forms  as  Required  by  Directives 

Records  are  used  to  find  the  best  operating  controls  for  a  wastewater  plant,  also 
you  need  records  for  the  plant  in  case  you  have  trouble  with  it  in  the  future.  Records 
are  also  used  in  court  if  a  law  suit  is  filed  against  the  treatment  plant.    There  are 
three  records,  they  are:     Physical  Records,  Maintenance  Records  and  Performance  Records. 


Physical  Records.    These  records  include  operation  and  maintenance,  actual  plans  and 
blueprints  for  the  plant,  shop  drawings,  O&M  guides  from  equipment  manufacturers,  costs 
for  all  units.    These  O&H  manuals  must  meet  the  requirements  of  "Considerations  for 
Preparation  of  Operation  and  Maintenance  Manuals,"  USEPA,  Washington,  D.C.  1974. 

Maintenance  Records.    One  of  the  key  steps  in  a  good  maintenance  program  is  keeping 
records.     "Preventive"  maintenance  in  the  treatment  plant  can  reduce  costly  repairs  and 
"down  time"  on  equipment.    A  record  of  all  equipment  in  the  plant  must  be  made.  These 
records  may  be  kept  in  the  recurring  maintenance  program.    This  information  may  include 
the  following;  where  the  equipment  is  located  in  the  plant,  the  name  and  address  of  the 
manufacturer  or  supplier,  the  cost,  and  when  it  was  installed.    The  file  should  also 
have  the  type,  model,  serial,  and  any  other  code  numbers,  along  with  the  capacity  or 
size  rating.    This  data  will  be  used  when  planning  a  maintenance  schedule  and  as  a 
maintenance  checklist  when  you  work  on  the  equipment. 

Performance  Records.    There  are  three  types  of  performance  records:     Lab  records, 
operator *s  log  and  NPDES  forms.    A  ccsmplete  set  of  lab  records  should  be  kept  for  all 
lab  tests.    A  monthly  or  quarterly  report  is  required  at  all  plants.    A  monthly  report 
is  required  for  all  wastewater  plants  on  a  military  installation.    The  operator  should 
report  on  special  features  of  the  treatment  plant  under  the  blank  columns  on  the  log. 
The  AF  Form  1462,  Sewage  Utility  Operating  Log  (General);  AF  Form  1463,  Sewage  Utility 
Operating  Log  (Supplementary),  these  forms  will  be  covered  more  in  detail  later  in  the 
study  guide. 

NPDES.     Every  treatment  plant  which  discharges  to  a  body  of  water  must  get  an  NPDES 
permit  from  EPA  or  designated  state  agency.    The  treatment  plant  must  submit  a  monthly 
or  (quarterly  report  to  EPA  or  designated  state  agency  with  all  the  lab  tests  required  by 
the  permit.    These  reports  and  lab  records  must  be  kept  for  at  least  three  years. 
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EXERCISE  IV-3-3a 

INSTRDCTIONS 

Answer  the  following  questions  on  pollution  control  policies. 
1.      What  are  four  skills  you  need  as  a  wastewater  plant  operator? 


b. 
c. 


2.      What  is  the  purpose  of  having  wastewater  treatment? 


3.      What  does  APR  19-1  state? 


4.  A  permit  is  not  a  license  to 

5.  What  does  NPDES  stand  for? 


6.      When  does  EPA  have  the  right  to  refuse  a  permit? 


7.      What  are  the  three  pollutants  covered  by  the  NPDES  permit? 
a . 

b.  

c. 


8.      What  power  does  the  state  have  over  the  effluent  leaving  a  wastewater  plant? 


9.      What  part  does  the  local  citizen  play  in  wastewater  treatment? 


10. 


To  protect  the  health  and  comfort  of  the  public,  wastewater  must  be 


PROGRESS  CHECK 


should  be  ready  for  the  progress  check.     If  you  feel  you  need  to  review  some  of 

tion'^Tnd  cnntJofi'L"^^'^":                ''^^  progress  check  is  prepared  as  a  sepa^^tl  pSbH cT- 

sin2rt?lion  «nH  ^              instructor.    You  must  do  the  progress  check  under  instructor 

supervision  and  complete  it  prior  to  leaving  for  the  day.  "^i-w 
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Types  of  Hazardous  Wastes 


You  as  a  wastewater  plant  operator  in  the  Air  Force  will  at  sometime  have  to  treat 
hazardous  waste.     Many  different  types  of  hazardous  wastes  may  be  sent  to  the  treatment 
plant.     We  will  cover  general  areas  of  hazardous  waste  in  this  studv  guide/workbook  that 
you  will  be  required  to  treat  at  your  ;?astewater  plant. 

Sources  of  Hazardous  Wastes 

Hazardous  wastewater  can  come  from  many  places  at  a  military  base.     These  include, 

but  are  not  limited  to,  paint  stripping,  metal  plating,  aircraft  cleaning,  photographic 

processing,   laundries,  petroleum  oil  lines,  storage  and  transfer.     Here  are  the  most 
common  problems  in  hazardous  wastes : 

a.  Soluble  organics  which  deplete  DO  (dissolved  oxygen) 

b.  Soluble  minerals  which  result  in  bad  taste  and  odor  in  water  supplies 

c.  Toxic  substances 

d.  Color  and  turbidity 

e.  Oil,  grease  and  scum 

f.  Acids  and  Alkalies 

g.  Heat 

h.  Substances  that  will  burn  or  explode 
Disposal  Methods 

The  Environmental  Protection  Agency  (EPA)  has  set  pretreatment  standards  for  many 
hazardous  wastes.     These  standards  are  set  forth  to  protect  the  domestic  wastewater 
treatment  plant  and  also  to  help  prevent  the  discharge  of  hazardous  wastes  through  the 
plant  to  receiving  waters.     Hazardous  wastes  may  contain  high  amounts  of  solvents, 
sludge,  oils,  grease,  acids  and  alkalies.     Pretreatment  units  should  be  located  at  the 
areas  where  hazardous  waste  is  thought  to  be  discharged.     The  ways  of  pretreating  these 
wastes  are  discussed  below. 

Containment  and  Storage 

Physical  Pretreatment.     The  normal  techniques  used  for  hazardous  wastes  are 
screening,  grit  removal,  sedimentation,  adsorption  and  oil-water  gravity  separation. 
Filtration  can  be  used  as  a  pretreatment  method  along  with  oil-water  separators. 

Chemical  Treatment.     Chemical  treatment  may  include  mixing,  coagulating  and  settling 
coloidal  and  suspended  solids,  breaking  of  oil  and  grease  build-ups,  neutralizing  acidic 
or  basic  wastes,  oxidizing  some  organic  and  inorganic  pollutants,  sludge  treatments  and 
ion  exchange. 

Reducing  Waste  Strength  and  Volume.     Discharges  of  hazardous  waste  can  often  be  reduced 
by  careful  inspection  of  and  minor  changes  to  the  operation  of  the  process.     One  way  to 
reduce  the  strength  of  hazardous  wastes  is  to  segregate  it.     Some  commercial 
"reclaimers"  may  also  pick  up  these  wastes.     Another  way  is  to  mix  the  hazardous  waste. 
Mixing  helps  prevent  short  circuiting  and  reduces  peaks  in  waste  strength. 

Safety  in  Handling/Treating  Hazardous  Waste 

All  wastewater  personnel  should  wear  protective  clothing  and  goggles  to  protect  the 
skin  and  eyes  when  using  chemnicals.     There  are  many  chemicals  in  hazardous  waste  that 
will  irritate  the  eyes,  nose  and  lungs  and  will  dry  the  skin.     Many  of  these  chemicals 
are  used  to  treat  hazardous  waste  products.     Areas  of  the  body  that  come  in  contact  with 
these  chemicals  are  to  be  washed  from  15  minutes  to  two  hours  as  a  general  rule.  When 
handling  most  chemicals  be  sure  to  have  a  well  ventilated  area,   this  is  also  true  in 
storing  hazardous  chemicals.     One  chemical  that  is  used  in  treating  hazardous  waste  is 
Sulfur  Dioxide  (SO2).     All  safety  items  that  should  be  worn  when  handling  this 
chemical  are;  ventilation,  safety  goggles,  approved  safety  shoes  and  rubber  gloves. 
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In  emergencies,  a  self-contained  breathing  mask  should  be  available.  Contact  a  doctor 
If  anyone  has  a  doubt  as  to  the  amount  of  Sulfur  Dioxide  they  have  been  exposed  to. 


EXERCISE  IV-3-3b 

INSTRUCTIONS 

Select  the  phrase  or  Item  which  correctly  answers  the  written  statement. 

a.  discharged 


One  area  that  hazardous  wastes  can 
come  from  Is 


One  of  the  most  common  problems  In 
hazardous  waste  Is 


Pretreatment  units  should  be  located 
at  the  areas  where  hazardous  waste 
Is  thought  to  be   


The  area  that  may  Include  mixing, 
coagulating  and  breaking  of  oil  and 
grease  build-ups  Is    , 


5.     One  way  to  reduce  the  strength 
of  hazardous  waste  Is  to 


b.  toxic  substances 

c.  metal  plating  shops 

d.  segregate 

e.  cheml ca 1  treatment 

f.  protective  clothlrg 
and  goggles 


6.     When  mixing  chemicals  personnel 

should  wear  at  least  what  two  pieces 
of  protective  equipment?    They  are 


PROGRESS  CHECK 

You  should  be  ready  for  the  progress  check.  If  you  feel  you  need  to  review  some  of 
the  previous  Instruction,  do  so.  The  progress  check  Is  prepared  as  a  separate  publica- 
tion and  controlled  by  the  Instructor.  You  must  do  the  progress  check  under  Instructor 
supervision  and  complete  It  prior  to  leaving  for  the  day. 
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SUMMARY 


In  this  study  guide/workbook  you  have  become  familiar  with  the  Pollution  Control 
policies  and  progra^ms*    The  study  guide  has  covered  information  related  to  hazardous 
waste.     It  is  important  that  we  are  able  to  treat  hazardous  wastes  at  the  Wastewater 
plant.     We  must  be  aware  of  some  of  the  rules  involved  with  agenices  of  the  Federal 
governfflent*     You  must  be  aware  of  the  sources,  disposal  methods,  containment  and  storage 
and  how  to  use  safety  methods  when  working  with  hazardous  waste* 


AFP  19-5,  Environmental  Quality  Control  Handbook 

AFM  91-32,  Operation  and  Maintenance  of  Domestic  and  Industrial  Wastewater  Systems 


REFERENCE 


3-7 


ERIC 


3770th  Technical  Training  Group 
Sheppard  Air  Force  Base,  Texas 


SW  J3ABR56631  OOO-IV-4 


OPERATION  AND  MAINTENANCE  OF  SEPTIC  TANKS 


OBJECTIVE 


Given  a  list  of  statements  concerning  the  construction  features,  operational 
practices  and  maintenance  of  septic  tanks  complete  each  statement.     Ten  of  the  fifteen 
must  be  correct. 

INTRODUCTION 

In  this  study  guide/workbook  we  will  discuss  the  principles  used  to  treat  and 
dispose  of  small  quantities  of  wastewater.     Such  processes  are  normally  used  at  small 
installations.     These  processes  can  be  accomplished  by  means  of  septic  tanks  and  tile 
fields.     The  units  are,  for  the  most  part,  underground.     The  septic  tank  is  adequate  for 
using  with  a  single  building.     Both  the  effluent  and  sludge  produced  by  such  treatments 
are  potentially  offense  but,  with  careful  design,  construction,  inspection  and  proper 
sludge  removal,  they  can  be  made  to  operate  without  nuisance  and  with  minimum  attention. 
Septic  tanks  do  not  require  continuous  operation,  and  when  installed  and  maintained 
properly,  provide  an  efficient  sanitary  method  of  wastewater  disposal. 

INFORMATION 

Construction  Features  of  Septic  Tanks 

The  size  of  the  septic  tank  is  determined  by  the  amount  of  wastewater  to  be 
disposed.     The  minimum  size  for  septic  tanks  is  500  gallons.     Small  tanks  should  have 
sufficient  capacity  to  detain  or  hold  wastewater  for  at  least  24  hours  at  the  average 
daily  rate  of  flow,  plus  25  percent  of  the  daily  flow  added  for  sludge  storage  space. 
One  of  the  most  important  factors  in  determining  the  size  of  a  septic  tank  is  the  number 
of  people  to  be  served.     It  can  be  designed  to  serve  a  small  group  of  people  in  a  single 
building  or  up  to  the  largest  size  where  about  500  people  can  be  served.     Septic  tanks 
serving  large  populations  (approaching  300  or  over)  should  have  capacity  for  not  less 
than  12  hours  detention  plus  an  extra  capacity  of  15  to  25  percent  of  the  daily  flow  for 
sludge  space.     See  Figure  4-1. 

Operation  of  Septic  Tanks 

Septic  tanks  are  simple  in  their  operation.     Wastewater  flows  into  a  tight 
(nonleaching)  tank  and  is  kept  there  long  enough  for  the  large  solids  to  settle  out. 
Solid  matter  settles  to  the  bottom  of  the  tank  and  partially  decomposes  producing 
liquids  and  gases.  A  slow,  undisturbed  flow  through  the  septic  tank  provides  for  the 
separation  of  liquids  and  sludge  and  for  bacterial  action.     The  bacteria  acting  on  the 
sludge  are  anaerobic.     They  work  in  the  dark  and  where  there  is  little  or  no  air. 
Undigested  solids  form  a  residue  of  sludge  on  the  tank  bottom.     From  40  to  60  percent  of 
the  incoming  suspended  solids  are  carried  off  suspended  in  the  effluent.     The  tank  inlet 
and  outlet  can  be  submerged  to  insure  a  reduced  flow.     Fooden  baffle  boards  can  be  used 
for  this  purpose.  A  submerged  outlet  prevents  scum  which  forms  on  top  of  the  surface 
from  passing  out  of  the  effluent.     The  effluent  is  the  liquid  discharged  from  the 
outlet • 
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Figure  4-1.     Typical  Shapes  of  Septic  Tanks 
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Operation  of  Leaching  Field 


Records  should  be  kept  of  each  septic  tank  and  disposal  field  inspection.  These 
should  include  data  of  inspection,  sludge  and  scum  depth,  conditions  found,  and  correc- 
tive action  taken. 

Where  small  quantities  of  wastewater  (less  than  2000  gallons  per  day)  are  involved 
and  favorable  soil  conditions  exist,  settled  wastewater  may  be  discharged  into  the 
ground  through  subsurface  tile  fields.    Effluent  from  septic  tanks  of  small  installa- 
tions are  usually  disposed  of  in  this  manner. 

PROPER  FUNCTIONING.    Tile  fields  consisting  of  lines  of  cement  or  clay  tile  in  the 
ground  with  open  Joints  are  used  for  disposal  of  settled  wastewater  into  the  ground.  A 
fiber  pipe  with  holes  bored  in  the  lower  portion  to  allow  drainage  may  be  used  for  these 
drain  lines.    The  following  conditions  are  important  for  proper  functioning  of  tile 
fields: 

1.  The  ground  water  table  is  well  below  the  level  of  the  tile  field. 

2.  The  soil  has  satisfactory  leaching  characteristics  within  a  few  feet  of  the 
surface  and  extends  several  feet  below  the  tile. 

3.  The  subsurface  drainage  is  away  from  the  field. 

4.  The  area  is  adequate. 

5.  rhere  is  no  possibility  of  polluting  drinking  water  supplies,  particularly  from 
shallow  dug  or  driven  wells  in  the  vicinity. 

TEST.     Length  of  the  tile  and  details  of  the  filter  trench  generally  depend  upon  the 
character  of  the  soil.     Soil  leaching  tests  should  be  made  at  the  site  as  described  for 
leaching  cesspools,  except  that  the  test  hole  should  extend  only  to  the  approximate 
depth  at  which  the  tile  lines  are  to  be  laid.     For  extensive  tile  fields  several  tests 
to  determine  the  best  location  and  average  condition  should  be  made.     From  test  results 
the  rate  of  wastewater  application  to  the  total  bottom  area  of  the  tiled  trenches  may  be 
taken  from  the  following  table.     Soil  testing  over  30  minutes  is  not  suitable.  NOTE: 
See  Figure  4-2. 

FROST  LINE.     Placing  tile  below  the  frost  line  to  prevent  freezing  is  not  neces- 
sary.    Tile  placed  18  inches  below  the  ground  operated  successfully  in  New  England  for 
many  years.    Subsurface  tile  should  never  be  laid  below  ground  water  level. 

PIPE  SIZE.     Design  and  construction  should  provide  for  handling  and  storage  of  some 
solid  material,  eliminating  as  much  as  practicable  the  opportunity  for  clogging  near 
ripe  Joints.     Pipe  4  to  6  inches  in  diameter  is  recc^mended.     The  larger  pipe  gives 
greater  storage  capacity  for  solids  and  larger  area  at  the  Joint  for  solids  to  escape 
into  the  surrounding  gravel. 


Time  for  Water  to  Fall  Allowable  Rate  of  Wastewater  Application  in 

One  Inch  (Minutes)  Gallons  Per  Square  Foot  of  Leaching  Area 

1  5.3 

2  4.3 
5  3.2 

10  2.3 

30  1.1 


Figure  4-2 

PIPE  LAYING.    To  provide  for  free  discharge  of  solids  from  the  line  to  the  filter 
trench  the  pipe  must  be  laid  with  3/8  inch  clear  openings.    The  top  of  the  space  is 
covered  with  tar  paper  or  similar  material  to  prevent  entry  of  gravel.     Bell  and  spigot 
pipe  is  easily  laid  to  true  line  and  grade.    Good  practice  calls  for  breaking  away  2/3 
along  the  bottom  of  the  bells  at  the  Joint  and  using  small  wood  block  spacers.    The  pipe 
is  commonly  laid  at  a  slope  of  about  0.5  foot  per  100  feet  when  taking  the  discbarge 
directly  from  the  septic  tank  and  0.3  foot  per  100  feet  when  a  dosing  tank  is  used  ahead 
of  the  field. 

4-3 


erIc 


TRENCH  WIDTHS.    Minimum  widths  of  trenches  on  the  basis  of  soils  are  as  follows: 

1.  Sand  and  sandy  loam,  1  foot. 

2.  Loam,  sand,  and  clay  mixture,  2  feet. 

3.  Clay  with  some  gravel,  3  feet. 

4.  Trenches  should  preferably  not  be  over  2  feet  deep. 

LAYOUT.     The  layout  of  the  piping  system  depends  on  the  shape  of  the  available  area 
?»?H  ?^  f,o^?  °*  *  ^«  sbo*"  i°  Figure  4-3.     When  tile  is 

«i«  ^  ^1°^  divided  equally  to  each  lateral.     Because  of  the 

small  slope  required  for  distribution  lines  and  the  advantage  of  having  a  fairlv  uniform 
depth  of  cover  soil,  individual  lateral  trenches  follow  the%round  contour  Unes. 

.i.hr^Lflf^*^  11^  ^^f®'"^}^^  ^°  "  herringbone  pattern  or  with  laterals  at 

tJS  t?;^!i^,^  "ti"  distributor.     The  distance  between  laterals  should  not  be  less 

if«nni^  times  the  width  of  the  trench.    A  distribution  box  at  the  head  of  the 

disposal  field  will  insure  equal  distribution  of  flow  to  the  laterals. 

Hn^hfP^;    "^^^  is  laid  on  a  bed  of  screened  coarse  gravel  6  inches  deep  with  3 

inches  of  coarse  gravel  around  and  over  the  pipe.  Coarse  screened  stone  passing  a  2  1/3 
inch  mesh  and  retained  on  a  3/4  inch  mesh  is  recommended.  This  gravel  bed  gives  a  rela- 
efffJ^i^""?!  Pff°«°*^8e  of  voids  into  which  the  solids  may  pass  !nd  colilJt  bllore  tie 

\i  area  becomes  seriously  clogged.    The  soil  which  fills  the  trench  must 

not  I ill  the  voids  in  the  coarse  screened  gravel  around  the  pipe.    A  3-inch  layer  of 

^  «Il?tfSr^K^'*u^^^''^^  "''f^  ^""^  3  inches  of  either  fine  screened  gravel 

of  suitable  bankrun  gravel  over  the  medium  stone  is  recommended.     See  Figures  4-4  and 
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Figure  4-3.    Typical  Layout  of  Subsurface  Tile  System 
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Figure  4-4.     layout  of  Tile  Field  on  Sloping  Ground 
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Figure  4-5.  Plan  and  Section  of  Subsurface  Sand  Filter  Bed 
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Method  Used  to  Protect  Septic  Tanks  and  Tile  Fields.    Once  a  septic  tank  and  tile 
field  Is  constructed  all  traffic  must  be  excluded  by  fencing  or  posting  to  prevent 
crushing  the  septic  tank  and  tile.     Planting  shrubs  or  trees  over  the  tank  and  field  Is 
not  good  practice  since  the  roots  tend  to  clog  the  tank  and  tile  lines;  grass  over  the 
lines  assists  In  removing  the  moisture  and  keeping  the  soil  open. 

INSPECTION.     Inspection  of  the  field  distribution  boxes  should  be  nade  at  frequent 
Intervals.     If  any  portion  of  the  title  field  Is  not  taking  Its  share  of  effluent, 
appropriate  adjustments  should  be  made.     If  It  appears  that  the  tile  line  may  be  clogged 
or  If  effluert  is  coming  to  the  tile  field  ground  surface  the  lines  should  be  excavated 
to  determine  the  reason  for  failure  or  clogging.     Necessary  corrective  action  should  be 
taken. 

nosing  Siphon.     The  dosing  siphon  Is  a  mechanical  device  that  transfers  wastewater. 
Dosing  siphons  may  be  Installed  In  a  dosing  tank  between  a  septic  tank  and  tile  field. 
The  dosing  tank  fills  to  a  predetermined  level;  then  the  dosing  siphon  automatically 
siphons  the  water  out. 

operation  of  Dosing  Siphons.     Intermittent  dosing  of  the  tile  filed  As  provided  by  a 
dosjn^  tank  from  which  fluids  are  automatically  siphoned.     A  siphon  Is  shown  5n  Figure 
4-6  and  4-7.     Water  will  be  standing  In  both  the  main  trap  and  the  blowoff  trap.     As  the 
liquid  runs  Into  the  dosing  tanks  the  level  rises,  covering  the  open  end  of  the  siphon 
vent.    Then,  as  the  water  level  rises,  air  Is  compressed  under  the  belli     Th^  water 
level  Is  depressed  both  In  the  discharge  line  and  the  blowoff  trap.  This  continues  until 
the  water  level  Is  at  the  maximum  dlschargvj  line  of  the  tank,  while  at  the  same  tirfne  the 
water  under  the  bell  Is  near  the  upper  end  of  the  discharge  pipe.     The  watf?r  level  is  at 
the  bottom  of  both  blowoff  and  discharge  line  traps.     Discharge  Is  noiy  rcpody  and 
slfffht  Increase  of  head  In  the  tank  causes  the  water  level  at  the  bottom  of  the^  "ilcwoff 
trap  to  be  depressed  sufficiently  to  allow  the  air  pressure  to  be  r^feafr^r/d 
considerable  violence  up  the  vent  pipe.     This  sudden  release  allows  watv'  to  rixu.,  into 
the  discharge  pipe.     The  momentum  causes  discharge  through  the  siphon  a^'^:  liitc  the 
distribution  system,  and  the  tank  then  empties.     Emptying  continues  t'ntii  the  water 
level  in  the  tank  js  below  the  elbow  of  the  siphon  vent.     This  permits         to  enter  the 
bell,  relieves  the  vacuum,  and  stops  the  discharge.     Water  has  also  beeu  running  through 
the  blowoff  trap  so  It  will  be  filled  when  the  siphon  stops. 

Maintenance  Procedures 

Periodic  inspection  is  necessary  to  prevent  health  hazards  and  nuisance.  Inspec- 
tions should  be  performed  at  periods  of  hibh  flow  and  as  frequently  as  required  by  tank 
size  and  population  l^ad,  but  at  least  every  six  months  to  determine  that. 

1.  Tank  inlet  and  outlet  are  free  from  clogging;  accumulated  material  should  be 
immediateiy  removed  and  disposed  of  by  burying. 

2.  Depth  of  scum  is  such  that  scum  is  not  passing  out  with  the  effluent,  and 
sludge  and  scum  aocumulati ovi  does  not  exceed  one-fourth  of  tank  capacity. 

3.  Effluent  passing  to  subsurface  disposal  is  relatively  free  from  suspended 
solids  to  avoid  clogging  of  subsurface  pipelines  and  filter  beds.     The  quantity 
can  be  determined  by  the  Imhoff  Cone  Test;  more  than  one  milliliter  of  settle- 
able  solids  per  liter  of  effluent  should  be  considered  excessive. 

4.  Adjacent  facilities  such  as  dosing  siphons,  distribution  boxes,  and  tile  fields 
are  working  properly. 

Separating  sludge  and  scum  from  the  liquid  in  septic  tanks  is  difficult;  for  snail 
tanks  they  are  customarily  mixed,  the  entire  contents  being  removed  when  cleaning.  The 
material  removed  contains  fresh  or  partially  digested  wastewater  solids  which  must  be 
disposed  of  without  endangering  public  health.     Disposal  through  manholes  in  the  nearest 
wastewater  system  as  approved  by  local  authorities  or  burial  in  shallow  furrows  on  open 
land  is  recommended.     A  diaphragm  type  sludge  pump  is  best  suited  for  removing  the  tank 
contents  which  should  be  transported  in  a  water  tight  closed  container. 
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Figure  4-6.     Cross  Section  of  a  Dosing  Siphon 
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Figure  4-7.     Septic  Tank  with  Cosing  Siphon 
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Contents  and  effluents  of  septic  tanks  are  characteristically  odorous  and  offensive. 
Addition  of  lime,  chlorine,  or  any  other  chemical  or  proprietary  compounds  is  of 
questionable  value  and  is  not  recommended.     The  most  effective  means  of  keeping  tanks 
working  properly  is  through  periodic  removal  of  sludge  and  scum. 

Records  Kept  on  Septic  Tanks  and  Leaching  Fields. 

Records  should  be  kept  of  each  septic  tank  and  disposal  field  inspection.  These 
should  include  data  of  inspection,  sludge  and  scum  depth,  conditions  found,  and 
corrective  action  taken. 


EXERCISE  IV-4-4a 
PART  1 

INSTRUCTIONS 


appr 


Study  the  illustration  of  the  septic  tank  in  Figure  4-8  below  and  place  the 
opriate  letter  from  the  list  of  components  in  the  circles  :>rovided» 


o 


0- 


1 
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Figure  4-8»     Septic  Tank 


a.  Manhole 

b.  discharge  line 

c.  Siphon 

d.  "'o  subsoil  tile 


e.  vent 

f.  baffle 

g.  manhole 

h.  dosin^:  siphon 
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PART  2 

INSTRUCTIONS 

Use  SW  J3ABR56631  OOO-IV-4  to  complete  che  following  statements. 

1*      The  minimum  size  for  septic  tanks  is   . 

2.      Septic  tanks  should  have  capacity  for  at  least  how  many  hours  of  detention  time? 


3.      Explain  the  operation  of  a  septic  tank. 


4.      When  and  how  often  should  inspections  be  made  on  the  septic  tank  system? 


5.      What  type  of  sludge  pump  is  best  suited  for  removing  the  septic  tank  contents? 


6.  What  five  conditions  are  important  for  proper  functioning  on  tile  fields? 

a .   

b.  

c.  

d .  

e.     ^    

7.  The  layout  of  the  piping  syst-^?:^:  .leprsndls  on?     


8.  What  three  methods  Lre  used  frr  proi-^^cl  Ing  a  tile  field? 

a .   

b.  

c .    

9.  Inspection  of  the  field  distribution  boxes  should  be  made  at? 


10.     What  is  a  dosing  siphon? 


PROGRESS  CHECK 

You  should  be  ready  for  the  progress  check.  If  you  feel  you  need  to  review  some  of 
the  previous  instruction,  do  so.  The  progress  check  is  prepared  as  a  separate  publica- 
tion and  controlled  by  the  instructor.  You  must  do  the  r ogress  check  under  instructor 
supervision  and  complete  it  prior  to  leaving  for  the  day. 
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SUMMARY 


To 

a  sanitary 


o  improve  living  conditions  and  prevent  disease,  human  waste  must  be  disposed  of  in 

 i^"y  manner.    At  semi-permanent  and  permanent  installations  wastewater  must  be 

°£       a  manner  acceptable  to  sanitary  requirements.     Small  installations  use 
septic  tanks.    This  will  improve  living  conditions  and  prevent  disease. 


REFERENCE 

Manual  of  Instruction  for  Wastewater  Treatment  Plant  Operators,  Vol.  I. 


EKLC 


74b 

4-10 


3770th  Technical  Training  Group 
Sheppard  Air  Force  Base,  Texas 


SW  J3ABR56631  OOO-IV-5 


OPERATION  AND  MAINTENANCE  OF  PRETREATMENT  UNITS 

OBJECTIVE 

Given  information  pertaining  to  pretreatraent  units  and  processes,  match  the  terms 
and  phrase;^  to  each  type  of  processing  unit.     Ten  of  the  fifteen  must  be  correct. 

INTRODUCTION 

A  collection  system  is  made  up  of  many  miles  of  pipe  below  the  surface  which  we 
cannot  see.     Its  purpose  is  to  collect  the  wastewater  and  move  it  t>irough  the  under- 
ground system  by  gravity  flow  to  your  wastewater  treatment  plant.     The  organic  materials 
and  the  inorganic  materials  commonly  found  in  wastewater  are  sometimes  treated  before 
they  reach  your  treatment  plant.     These  subjects  will  be  covered  under  the  following 
areas. 

INFORMATION 

Definition  of  Pretreatment 

For  this  course  our  definition  of  pretreatraent  will  be  any  treatment  the  wastewater 
receives  before  it  reaches  the  treatraent  plant. 

Purpose  of  Pretreatment 

The  purpose  of  pretreatment  is  to  remove  substances  which  will  harm  the  treatment 
plant  or  the  collection  system.     The  transportation  of  the  wastewater  is  also  considered 
part  of  the  pretreatment  process.     The  major  corapnents  of  pretreatmer. t  are  oil 
separators  and  grease  traps,  the  wastewater  collection  system,  and  lift  stations  with 
screens. 
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Grease  Traps/Oil  Separators 


ner«=I^n!?  °°rff^®  ^"^^v  ^"^^  outside  dining  facilities  are  cleaned  by  wastewater 
personnel.     Solids  must  be  removed  during  weekly  cleaning  to  prevent  them  f"m 
decomposing  xnd  becoming  putrid.     Burn  or  bury  grease  removed^rom  grease  tJaps. 

from^i}l^hrMi«r/r  ^r^^^'"^?  ^^^^^^  traps.     They  are  installed  in  all  drains 

!^  K      ?  ""^""^  P°°^^  a"''  other  activities  discharging  oily  wastes  These 

units  must  be  cleaned  regularly.     If  gasoline,  oil  or  grease  are  entering  thrseweJs 
their  source  must  be  traced  and  corrective  action  must^e  taken  arthli  fimS      ?o  "iid 
s^ie%s°ei!r;e°1ro°hJJfteJ^'=''^^^^  °^  volatil^Tr^uilS  ITo' 

Make-up  of  Wastewater  Collection  Systems 

By  the  make-up  of  collection  systems  we  are  referring  to  all  nines  or  r  r^nWni  ^-e  i,4„k 
rlLTfi        """^  wastewater.     Since  thes..  lines  Ea^e  specia?  p^iposefwe  are  going  to  ' 
H!^^,!«^'*'^  according  to  the  uses  to  which  they  are  put.     T^e  ?irst  one  wl  till 
discuss  is  sanitary  sewers.     They  are  made  up  of  a  series  of  pipes  designed  to  carry 
sanitary  or  domestic  wastewater  only.     The  second  one  we  are  going  to  discuss  is^torm 
sewers  which  are  designed  to  carry  storm  run  off  only.     And  the  last  col lec?ioisvs?em 
is^combined  sewers.     They  are  designed  to  carrry  both  sanitary  w^stewa^ei  a^d  storm 

Common  Troubles  of  Collection  Systems 

infittration  '"■?SJris^^Lt'*'Ti  v°i ^y^'^"        ''"^^^  °^  which  will  cause 

iniiitration.     This  is  most  likely  to  occur  at  Joints  or  manholes.     Another  oroblem  is 

th^T^L"°"^°*  P^^r  ^"'^  "^^^'^  "^^^^  '^^^  Pl"e  the  line.     Roots  wiU  be  at?JaciS  to 
the  moisture  in  the  line.     Once  they  get  into  the  sewer  line  they  can  dIue  it  un  a 
large  amount  of  grit  and  sand  can  also  reduce  the  florin  tL  une  and  cause  f^oAni J. 
misalignment  of  the  sewer  line  can  cause  pockets  of  water  or  breaks  in  the  !ine  i?^' 
sSctural^?aK:?e°of''tJrniL'"^^'^         wastewater  may  turn  septic  and'smeU?^' 
iTsZl-out  Jy  ieavy    raJns'  '  '"^'"^  '"^^  ^'^^  °^  being 

Screens  and  Lift  Stations 

SCREENS 

mat^iLf**®  pretreatment  pi-ocess  screens  are  installed  to  remove  any  large  floating 
material.     This  saves  your  wastewater  plant  treatment  equipment.     It  keeps  lines  from 

Jns?auld'it'?rft'str?ions'"hJ"'h"\?!^;:'  '^"^  °'  parS'^'siJelns'Ir^ 

compieil?y  stations  which  will  be  our  next  discussion  and  will  be  covered  more 


NOTE: 


Sec2io5s  f?'2°rJr3*°'"  information  on  Collection  System.  Chapter  2. 
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Lift  Stations,     Lift  stations  are  used  where  gravity  flow  is  not  possible.  The 
pumps  used  in  a  lift  station  must  lift  wastewater  from  a  low  area  under  ground  to  a 
higher  point  so  the  waste  can  start  its  slow  downhill  travel  again.     For  this  reason  the 
pumps  must  handle  large  quantities  at  low  velocities.     The  pumps  must  also  have  large 
openings  to  allow  large  solids  to  pass  through  them. 

Before  you  plunge  into  this  subject  we  would  again  remind  you  to  be  careful  o'£  toxic 
gases.    A  wastewater  lift  station  is  a  dangerous  place  since  the  equipment  is  generally 
located  in  a  dry  well  or  an  underground  vault  where  ventilation  is  not  good.  See 
Figures  5-1  and  5-2  for  an  example  of  the  wet  well  and  dry  well  parts  of  a  lift 
station . 

Wet  Well.     The  wet  well  area  is  structured  to  contain  or  hold  the  inccuing  liquid 
until  a  certain  water  level  is  reached.     The  level  of  the  wastewater  in  the  wet  well  is 
maintained  using  an  air  bubbler  system  or  ball  float.     Both  these  devices  activates  an 
electric  motor  which  in  time  devices  the  lift  pumps. 

Dry  Well.     The  dry  well  provides  for  easy  access  to  the  equipment  for  inspection  and 
maintenance  purposes.    A  water-tight,  air-tight  floor  or  wall  keeps  this  section  dry  and 
clean.     Most  of  the  controls  for  lift  station  operation  are  contained  in  the  dry  well 
area.     Valve  controls  can  be  mounted  so  as  to  be  above  the  wastewater  level  or  extended 
into  this  dry  area.     Pump  shafts  and  other  moving  parts  are  enclosed  in  full-length 
housings  or  protective  guards  and  sheilds. 

Building  Maintenance,     Lift  stations  are  housed  in  a  concrete  or  brick  building. 
The  walls  of  the  building  may  serve  to  hold  the  incoming  wastewater.     When  the  depth  of 
wastewater  reaches  a  certain  point  the  pump  will  automatically  come  on  and  pump  the 
level  down. 

Maintenance  on  the  building  can  actually  be  divided  into  three  separate  areas: 
ceilings,  upper  walls,  lower  walls  and  the  floor. 

The  ceiling,  upper  walls,  windows  and  overhead  pipes  stay  wet  all  the  time  from 
condensation.     Wastewater  gages  create  an  acid  condition  in  the  humidity  and  this  acid 
eats  at  the  masonry  in  the  building.     It  corrodes  the  metal  in  the  pipes  and  windows. 

Proper  ventilation  helps  get  rid  of  the  moisture  and  a  good  paint  job  on  the  pipes 
and  windows  helps  protect  them  from  deterioration. 
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the  iJst^wa^?  Th^iv^?'*  is  the  cleaning  of  the  walls  that  is  below 

the  wastewater    «,vel.     Thick  layers  of  grease  build  up  on  the  walls  and  have  to  be 
scraped  and  ho^..    down.     Accumulation  of  grease  creates  nuisance  odors  and  un sight li- 


The  ^u.       f.rea  of  building  maiutenance  is  the  cleaning  of  th«i  floor.     Grit  stones 
grease  apu  ;»eavy  materials  have  to  be  cleaned  out.     This  job  is  usJaUy  done  m^nuaUy  as 
the  amount  to  be  hauled  out  is  smdll-  manually  as 

.^m-^?"?^  Maintenance.     Purops  used    for  lifting  wastewater  are  most  commonly  the 
centrifugal  or  ejector  types  because  they  are  not  subject  to  fouling  or  blookage  bv 
liown  ?n  if.ur^  ^^^^'^  °'  ^  """P"     *  ^"bmerged  type  of  centriLga?  pump  is 

Se  insLnftJon^;^;     'fH-'°"/^:i        ^''J"^'  ^""^  impeller  you  should  keep  in  mind  Jhat 
1  ^  thrust  adjustment  collar.     Look  at  Figure  5-3  and  you  will  see 

Jhe  t^ru J  ^u^'i    .  ^  coupling  which  allows  for  up  or  down  movHnent.     No.  2  locatll 

the  thrust  adjustment  collar  which  is  raised  or  lowered  to  place  the  imyeller  at  the 
correct  height  in  the  purip  body.    No.  3  points  to  the  mounting  flJnge  which  sudLJ?!  the 
frZ  !;°iT;H  ""T  intermediate  bearing  is  provided  with  an  oil  sCpp^frinl 

from  under  the  floor.  You  should  always  be  sure  that  the  plug  or  cap  is  kep?  on  th- 
smarting  ^'"'^  entering  it.     Make  the  normal  check  on  electric  motors  befor^ 


Figure  5-3.     Submerged  Type  Centrifugal  Pump 


„A    ^t^" ^l^'^l^  P^^P^  installed,  start  the  motors  to  initiate  a  pumping  cycle 

and  make  the  following  checks:     Figure  5-4.  purapiiig  cycie 

(1)    Check  controls  for  proper  operation  and  sequencing. 

*  JV.^^^t^^  °^  P^^^^  overload  reset  button  on  the  circuit  breaker.     If  the 

motor  fails  to  start,  determine  the  possible  cause  of  the  overload. 
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(3)    Note  any  unusual  noises  or  vibrations. 


(4)     Insure  the  motor  mounts  and  frames  are  secure,  bearings  are  greased  and  motor 
temperatures  are  not  hot.    The  motor  should  not  be  so  hot  that  yuu  cannot  hold  your  »'and 
on  it. 

(b)    Check  for  smoke  or  for  smell  of  burned  insulation. 

Cleaning  the  pump.     Close  the  necessary  valves  to  shut  off  liquids  from  both  sides 
of  the  pump.     Turn  off  the  motor  switch  so  it  cannot  start.     Remove  the  covers  of  clean- 
out  holes  and  remove  all  solids.     When  work  on  the  pump  is  completed,  turn  the  motor 
supply  switch  on  so  that  the  pump  can  operate.     Pump  down  the  well  and  wash  down  the 
sides  and  pipes  as  required.     Floats,  rods,  chains  and  pipes  in  the  well  must  also  be 
washed. 


AUTOMATIC  ALTERNATOR 


ACTUATING  ROD 


OVERFLOW  STRAINER 


CHECK  VALVE 


SOLIDS  RETAINED 
ON  SCREEN 


STRAINER 


Figure  5-4 
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EXERCISE  IV-5-5a 


PART  1 


INSTRUCTIONS 

Use  SW  J3ABR56631  OOO-IV-5  to  complete  \       following  questions. 
1.      How  often  should  solids  be  removed  from  grease  traps?   


2.      Inhere  are  oil  separators  installed  on  an  Air  Force  base? 


3.      What  is  a  hazard  associated  with  oil  separators? 


4.      What  is  the  purpose^  of  a  screen  at  a  wastewater  lift  station? 


5.      Where  are  wastewater  lift  stations  installed? 


6.  What  is  a  wet  well?  

7.  What  is  a  danger  of  a  dry  well?   

8.  What  do  wastewater  gases  do  when  they  come  in  contact  with  condensation  over  a  long 
period  of  time? 


9.      Accumulation  of  grease  on  the  walls  of  a  lift  station  creates  what? 


10.     What  two  types  of  pumps  are  not  subject  to  fouling  or  bio  '    ze  by  floating  debris? 
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PART  2 


INSTRUCTIOMR 

Use  SW  J3ABR56631  OOO-lV-5  to  complete  the  following  phrases. 

1.    are  used  where  gravity  flow  is  not  possible. 

2-       The  pumps  must  also  have  to  allow  i:*rge 

solids  to  pass  through  them. 

3.  A  wastewater  lift  station  can  be  a  dangerous  placo  If  proper  

Is  not  provided. 

4.  Wastewater  lift  stations  are  housed  In  a  or   

bul Idlng. 

5.  Maintenance  on  the  building  can  be  divided  Into  three  separate  areas,  these  are 
 ,   f  and  . 

6.  Accumulation  of    creates  nuisance  odors  and 

unsightllness. 

7.  Pumps  for  lifting  wastewater  are  most  commonly    or 

  types. 

8.  When  initiating  a  pumping  cycle  make  a  check  for  any  noises  or   

0.       Check  also  for  smoke  or  smell  of 


10.     When  the  work  Is  completed,  turn  the  motor  supply  _   

on,   so  that  th'^  pump  can  operate. 

PART  3 

INSTRUCTIONS 

Use  your  SW  J3ABR56631  OOO-IV-5  to  match  the  following  set  of  pretreatment 
processes. 

a.  collection 

1.    A  device  for  separation  of  grease  from  system 

wastewater  by  flotation  so  that  It  can  be 

removed  from  th^e  surface,   located  outside  of 

Hlnlng  facilities.  b.  screen:: 

2.  A  device  for  separation  of  oil  from  waste- 
water by  flotation  so  that  it  can  be  removed 

from  the  surface,   located  on  flight  lines.  c.     oil  separators 


Are  Installed  to  remove  any  large  floating 
materia  1 . 

All  pipes  or  conduits  which  are  used  to  carry 
wastewater. 


grease  trips 


5.    These  systems  which  are  designed  to  carry  e.     storm  sew^*rs 

storm  water  only. 

PROGRESS  CHECK 

You  should  be  ready  for  the  progress  check.  K  you  feel  you  need  to  review  some  of 
the  previous  instruction,  do  so.  The  progress  check  is  prepared  as  a  separate  publica- 
tion and  controlled  by  the  instructor.  You  must  do  the  progress  check  under  instructor 
supervision  and  complete  it  prior  to  leaving  for  the  day. 
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SUMKfARY 


To  improve  living  conditions  and  prevent  disease,  human  waste  must  be  disposed  of  in 
a  sanitary  manner.    The  need  for  grease  traps,  oil  separators,  collection  systems,  and 
screens  are  important  for  proper  pretreatment  of  wastewater  before  it  reaches  the  plant. 
Maintenance  of  sewage  treatment  equipment  is  not  an  everyday  joo;  however,  irspection  of 
the  equipment  is  a  constant  job.    Good  maintenance  and  regular  inspectiors  prevent  lift 
stations  from  becoming  a  worn-out  health  hazard. 


REFERENCE 


AFM  91-32,  Operation  and  Maintenance  of  Domestic  and  Industrial  Wastewater  Systems 
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3770th  Technic  Training  Group 
Sheppard  Air  ^'orce  Base,  Texas 


SW  J3ABR56631  000-IV-C 


OPERATION  AND  MAiiU'ENANCE  OF  PRELIMINARY  TREATMENT  UNITS 


OBJECTIVES 


Demonstrate  a  know:  dge  of  the  purpose  of  preliminary  treatment  units  and  subsystems 

ienr^'^Lrn'nf'^^n"^^^^""^       questions  that  pertain  to  preliminary  wastewaJer  Se^^^^^ 
ment.     Seven  of  the  ten  responses  must  be  correct. 

for  scJeLs°^^rit*i^lvfJ/^^H''*HH"  ^^°\y°^^  instructor,  list  the  required  maintenance 

tin  lilt  bV cllil/t  shredders,  and  preaerator.  according  to  AFU  91-32.     six  of 


INTRODUCTION 


nn^r!5fn,T„^I^f"^!    ^1°^  this  course  you  will  be  going  to  a  base  and  perhaps  be 

f*  r*®5  treatment  plant.     You  must  be  able  to  recognize  ?he  equipment 
fonoi?ng  iopiJs  "  °P«^^*««-     This  subject  will  bt  covered  unde?  the 

o    Definition  of  preliminary  treatment 
o  Screens 
o    Grit  chamber 
o  Shredders 
o  Praaeration 
o    Measuring  devices 
INFORMATION 

°'  Preliminary  Treatment:     Preliminary  treatment  is  the  first  treatment  the 
wastewater  receives        it  enters  the  plant.  ti-ea i-nient  tne 

Screens 

n-ri-;'??««''^r5^°^       wastewater  is  a  mechanical  operatic  .  for  removing  the  large 
particles  of  floating  or  suspended  matter.     The  process  is  usually  done  in  two  parts- 
coarse  screening  and  fine  sjiaeni^g.    Coarse  screens  are  used  for  removing  floatinu  * 
usefJor^r^^ovfo.**':,  "^f  *  "^^^  '°          treatment  of  the  wastlSaJer.     F?ne  L"ens  a?e 
thf^J^L™!^?    ^^  floating  gr.ase.     Where  any  type  of  mechanical  equipment  is  a  part  of 

^o?ld«  «~  ,1,^  '^^^  ^^"^  ^  "P  °*  °°  e^uijment.  These 

solids  are  a  hazard  to  the  wastewater  plant  operation. 

Screens  tire  used  to  protect  the  pumps  and  to  remove  floating  materials  that  would 
iZ^  o/^'^"''  floatage  in  the  settling  tanks.     They  are  made  of  stSl  E^Js  sJJced  ?/2 

f  JoS  °n  ?hr.^?i;:*:t  T  ''^r  ^  ^^'^  ^'^^^        P^^"'*  ^^^le  ?o "he'^d^ection  of 

flow  in  in-  xnfluent  channel.     The  screens  are  cleaned  manually  or  mechanically.  In 

Zlnli  ^•^^"''^^  i«  ""Shed  frequently  with  I  heavy  stJelS  of  water  to 

rfTf.^    1^^/°"  ??*fu^*^  collected  in  front  of  and  under  the  screen.    A  ?Sng-bInd led 
rake  is  used  to  pull  the  e-eveenings  to  the  top  of  the  screen  and  deposit  theS  on  a 

f^H    °^  platform.    The  mechanically  cleaned  screen  has  a  built-in  rake,  "roperates  by 
either  a  float  switch  which  activates  the  rake  when  there  is  a  loss  of  head  c?^??ess2re 
through  the  screen,  or  by  an  electric  motor  with  gear  reducers.  pressure 

»HHH^H^^  screens jith  1/4  inch  openings  or  smaller  are  sometimes  used  to  remove  an 
tS  ii?a?f„2"Hf"*^  °*  suspended  solids  before  further  treatment.    They  are  commonly  of 
irLh?^^    ^  ^■■""k?'"  r°*a"°B  disk  type.    Cleaning  is  accomplished  by  ^orubbinror 
cJo«eS^;i?h*f^r''yH:"*'  'S*^^  """^^  pressure  from  a  hcse."^  When  the  screen  llcZes 
CleanS  SJJ  slJee?         ""^^  kerosene.     See  Figure  6-1.  Mechanlcalir 
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Figure  6-1.     Mecbanical.ly  Cleaned  Bar  Screen 


Grit  Removers 

The  place  where  heavy  solids  are  removed  is  called  a  grit  chamber.     The  force  which 
removes         ?rit  is  called  gravity,  but  in  order  for  it  to  work  correctly  we  must  supply 
the  rignt  eruditions.     This  is  done  by  slowing  the  speed  of  flow  of  the  wastewater. 
Grit  chambers  are  generally  shallow  and  long-     The  sp6?d  of  flow  is  the  only  thing  over 
which  the  operator  has  control.    As  a  general  rule,  w?iOv>  the  flow  of  wastewater  is 
slowed  to  about  one  foot  per  second,  particles  having  a  s:>ecific  gravity  will  settle  to 
the  bottom.     The  most  effective  flow  will  viry  from  ,,v:.int  to  plant.     Removing  inorganic 
matter  from  the  grit  chamber  by  mechanical  process  is  done  by  the  deposit  at  the  foot  of 
an  incline,  moving  it  up  by  scrapers  or  a  screw  conveyer.     See  Figure  6-2.     The  grit 
should  be  disposed  of  in  a  sanitary  landfill. 
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Figure  6-2.  Grit  Remover 


Shredders 


GRINDER.     The  first  type  of  shredder  we  will  cover  in  this  unit  is  a  grinder.  A 
o^h«!l"h°!ii  gri"der  uses  a  swing  hammer  to  grind  solid?  to  a  pulp  while  rocks,   iron,  and 
other  hard  materials  are  put  into  a  trap.     Some  shr. \iers  use  a  rotor  which  has 
tool-steel  teeth  that  shred  the  materlil  as  it  passes  between  them.    The  ground  material 
^^"^^T    T   ^t^^  wastewater  at  ^  point  past  the  screen.     The  secc'.o  tvpe 

of  shredder  is  .he  comminutor.     It  Is  o  vertical,  slotted  drum  equipped  with  cut/  :,.rg 
knives  which  are  turned  by  an  electrii  motor.     The  wastewater  flowing  through  th 
slotted  drums  forces  coarse  solids  against  the  knives  until  they  are  reduced  to 
small  enough  to  pass  through  the  slots. 

COMMINUTORS.     These  are  vertical,  slotted  drums  equipped  with  cutting  knives 

VL^"  electric  motor.    The  wastewater  flowing  through  the  slotted  drams  forces 
coarse  solids  against  the  knives  until  they  are  cut  into  small  pieces.    Another  type  of 
comminutor,  a  submerged  screen  shredder,  is  semicylindr ica.  in  shape  and  has  cutters 
operating  within  a  fixed  semicircular  screen  grid.     It  <s  usually  installed  in 
conjunction  with  a  bar  screen  which  may  be  put  in  service  when  the  comminutor  is  shut 
down  for  repair.     See  Figure  6-3,  Cutaway  View  of  Comminutor. 
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Figure  6-3.     Cutaway  View  of  Comminutor 


Preaeration 

Preaeration  is  a  method  of  agitating  or  stirring  new  wastewater  by  diff^jsing  air 
through  it.    A  preaeration  period  of  from  one  to  three  hours  is  needed  to  produce  good 
results.    Operation  must  be  going  all  the  time  in  your  tank  to  prevent  the  deposit  of 
organic  solids  and  clogging  of  your  air  lines.    The  depth  of  the  grit  in  your  tank 
bottom  must  be  determined  weekly.     When  the  depth  of  the  grit  is  4  to  6  inches,  tue  tank 
should  be  emptied  and  the  grit  shoveled  out  to  prevent  any  organic  solids  mixed  with  it 
from  becoming  septic.     For  this  aeration  process  you  need  a  separate  tank  in  your  plant 
located  after  wi.e  grit  chamber,  but  before  your  primary  treament  tanks. 

GREASE  REMOVAL.     Preaeration  is  a  method  of  agitating  or  stirring  new  wastewater  by 
dif-^usinj^  air  through  it.     It  was  installed  indtJu.]'       ^.  some  installations  for  grease 
rfc^c/al  on  the  principle  that  the  emulsified  pai.   \*         srill  cling  to  the  air  bubbles  and 
rise  to  the  surface.    Grease  forms  a  mat   :\b    c.n  be  ..fcirrmed  off.    A  preaeration  period 
of  from  i/'^e  to  "hree  houvs  is  nee  355sary  t.'        luce  worthwhile  results.     Only  in  extreme 
cases  is  this  economically  feasible.    Th-  use       existing  preaeration  tanks  is  justified 
if  needed  to  keep  wastewater  fresh  by  resupplylng  the  oxygen  as  it  passes  through 
primary  tanks*  for  reuucing  odors»  and  for  ii^creasing  the  effectiveness  of  secondary 
treatment.    They  may  also  be  used  as  grit  chambers. 

VACUUM  FLOTATION.    Vacuum  flotation  as  a  method  of  grease  removal  has  the  3ame 
disadvantages  or  limitations  as  preaeration.     The  same  principle  of  aeration  is  used  but 
with  the  addition  of  suction*  supplied  by  a  small  vacuum  pump,  to  carry  solids  to  the 
surface.    This  process  removes  %  little  more  grease  than  primary  settling  alor- .  Vacuum 
flotation*  however*  in  some'.imes  used  for  primary  settling        remove  setteable  -lids 
along  with  grease.    A  detention  pericd  of  15  to  20  minutes  k  ^ps  wastewater  fresh.  They 
may  also  be  used  as  grit  chambers.     See  Figure  6-4*  View  of  Vacuum  Flotation. 
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Figure  6-4.     View  of  Vacuum  Flotation 

Measuring  Devices 

Wastewater  treatment  plants  she  i     have  met-^ring  equipment  to  let  plant  operators 
measure  and  record  flow  through  theii'  plants.     This  in! ormation  is  needed  for  you  to 
know  how  well  your  plant  is  working.     In  some  plants  you  may  need  to  add  meters  to 
measure  recirculation,  chemical  feeding  and  return  ysctivated  sludge.     The  choice  of 
measuring  devices  will  depend  on  vour  plant,   the  treatment  process  utilized  and  the 
required  degree  of  accuracy. 

PARSHALL  FLUME.     The  Parshall  flume  may  be  used  to  measure  wastewater  flow  in  open 
channels.     The  flume  must  be  kept  free  from  trat5h  which  may  catch  in  the  flow  channel. 
At»y  trash  that  is  found  in  the  still  well  should  be  ^^emoved. 

VENTHRI  FLUME.     The  Venturl  flume  is  used  for  measuring  flows  in  sewers  because  it 
does  i:Ot  require  special  structures.     Very  little  operation  or  maintenance  is  needed, 
but  you  must  make  sure  passages  of  the  flume  are  kept  clear  from  sltme  and  trasii  to 
insura  that  it  operates  right.     For  the  secondary  element,  a  single  f lo.it-actua te«^ 
recorder  may  be  used. 

EXERCISE  IV-6-Sa 
PART  1 

INSTRUCTIONS 

Use        JSABR56631  OOO-IV-6  to  complete  the  following  questions. 
1.      The  two  types  of  bar  screens  are    and  


2.    screens  are  used  primarily  for  removing  floating 

objects. 


3.  screen.;  are  used  for  removing  floating  grease. 


4.      A      uses  a  swing  hammer  to  grind  solids  to  a 

pulp. 


5.      A    is  a  vertical,  slotted  drum  equipped  with  cutting  knives 

revvlved  by  an  electric  motor. 
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6.      The  place  where  heavy  solids  are  reEaoved  is  called 


7.  Grit  chamber £  are  generally  5.  ^ 

8.  The  flow  of  wastewater  through  ^  grit  chamber  is  aoc^.t 


9.      The  grit  should  be  disposed  nf  in  a 


^  — 3  3  is  a  method  of  agitating  or  stirring  new  wastewater 

by  diffusing  air  through  it. 

11.  Wastewater  treatment  plant  should  have  metering  equipment  to  let  plant  operators 
 —   ^"^   [  flow  through  their  plants. 

12.  The  _  _  ^   may  be  used  to  measure 

wastewater  flow  in  open  channeTc.  ^ 


13.     What  is  the  definition  of  preliminary  treatment? 


PART  r 

INSTRUCTIONS 

Use  SW  .T3ABR56631  OOO-IV-6  to  answer  the  following  statements. 
1.      What  are  screens  used  for  in  wastewater   u'  atment? 


2.      What  are  the  two  types  of  screens? 


3.       I7hat  is  the  purpose  of  a  shredder? 


4.      What  is  the  purpose  of  a  grit  chauiOer? 


5.      How  much  time  should  be  allowed  for  the  preaeration  process? 


PROGRESS  CHkCK 


You  should  be  ready  Hot  the  progress  check.  you  feel  yo  .  need  to  revi^-v  some  of 

the  previous  instruction,  do  so.  The  progress  check  is  prepared  as  a  separate  -publica- 
tion and  controlled  by  the  instructor.  You  must  do  the  progress  check  under  instructor 
supervision  and  complete  it  prior  to  leaving  for  the  day. 


6-6 


EKLC 


INFORMATION 


Use  AFM  91-32  for  the  marntenance  of  Preliminary  Treatment  Units. 

Read  Chapter  4,  Section  2,  Operation  and  Maintenance,  Para.  4,?.l  to  4.2.8;  Chapter 
3,  Section  1,  General;  Section  2,  Methods  of  Flow  Measurement;  Sect\on  3,  Operation; 
para.   3.1.1  to  3.1.2,   3.2.1  to  3.2.4,   and  3.1. 

EXERCISE  IV-6-6b 

INSTRUCTION 

Using  AFM  91--32,  Chapters  3  and  4  to  answer  the  following  questions  on  maintenance 
of  Preliminary  Treatment  Units. 

1.       Improper  storage  and  ha"^  of  screenings  provides*  a  source  of  food  for  pests. 

What  iiction  must  be  taken?  


2.       Bar  screen  not  raked  properly  or  not  as  often  as  needed,  (mechanical) 


3.  Domminutor  or  barminutor  not  operating,    likely  causes  - 

a.  • 

b.  • 

c.  • 

4.  Improper  shredding.     Unusual  vibration  and  noise  from  the  comninutor  or  barminutor, 
likely  causes  - 


The  maintenance  of  the  hand  raked  bar  screens  is  the  same  as  for  the  m  Ks,  except 
for   


6.       The  maintenance  on  comminutors  and  barminutors  most  often  required  for  good 
operation  is   


C-7 


7.      Controlled  grit  removal  channels  nay  be  cleaned  by 


8.      Maintenance  of  aerated  grit  removal  units  includes 


A  floet  well  connecting  pipe  valve  should  remain  wide  open  at  all  times,   except  t 


10.     Maintenance  on  a  venturi  meter  must  be  in  accordance 


PR0GRE*^-3  CHECK 


tho  ^  .f  ^  f        "^^^^^  progress  check.     If  you  feel  you  need  to  review  some  of 

the  previous  lnstruct?.on.  do  so.     The  progress  check  is  prepared  as  a  separate  publica- 

rr^v?  H  ^^f  i"^^^^^^^'--     You  must  do  the  progress  check  under  instructor 

supervision  and  complete  it  prior  to  leaving  for  the  day. 


Tn  this  study  guide/workbook  you  have  read  about  preliminary  treatment  and  sub- 
systems.    The  treatments  being  screens,   shredders,   grit  chambers,   pr-eaerators  and 
measuring  devices. 
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AFM  91-32,  Operation  and  Maintenance  of  Domestic  and  Industrial  Wastewater  Systems 
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OPFRATION  AND  MAINTFNAMCE  OF  PRIMARY  TREATMENT  VI'XTS 

OBJECTIVES 

While  visiting  a  municipal  wastewater  plant,   observe  the  operation  of  the  plant  and 
equipment.     T^^^^  a  schematic  to  trace  the  flow  through  the  system  and      checklist  to  list 
the  malntenanf     safety  items  with  no  more  than  three  instructor  assists. 

Using  gltrvr;  information  and  a  sampling  device,  and  working  as  a  team,  collect  a 
wastewater  a   ^       sludge  sample  from  various  sampling  points  within  the  plant,  with  no 
more  than  t  ructor  assists. 

Foil'  v.'ing  written  instructions,   identify  the  operation  of  prirrary  v^slowater 
treatment  units  by  n^:aking  written  responses  to  questions  according  to  ;.^M  91-3?.  Thirty 
of  the  forty-four  answers  must  be  correct. 

Following  wrj::en  instruction,  list  the  maintenance  practices  of  primary  wastewater 
treatment  units  by  making  written  responses  to  questions  according  to  AFM  01-32.  Eight 
of  twelve  responses  must  be  correct. 

INTRODUCTION 

When  you  graduate  and  go  to  another  base,  you  nay  be  required  to  operate  a  waste- 
water plant.     This  study  guide/wcrkbcok  will  aid  you  in  learning  the  fundamentals  of 
primary  waste  treatment.     The  treatment  proces.    *  egins  with  the  removal  of  sand,  grit 
and  large  floating  solid  materials.  This  removal  of  solids  is  known  as  preliminary 
treatment.     The  next  stage  of  treatment  is  called  primary  treatment  whiu^i  further 
processes  the  wastewater  to  a  point  where  it  can  be  disposed  of  properly. 

Waste  treatment  information  will  be  covered  under  the  following  topics: 

o  Definition  of  primary  treatment 

o  Imhoff  tanks 

o  Primary  settling  tanks 

o  Se-      vte  digester  and  components 

o  Slua^N?  4ryin«^ 

o  Sludge  disposal 


INSTRUCTIONS 

While  on  the  field  trip  to  the  municipal  wastewater  plant  and  lift  station  observe 
the  plant  system  and  components.     The  instructor  will  discuss  the  plant  system  and  issue 
a  progress  check  to  you  consisting  of  a  diagram  of  the  lift  station  and  plant.  Complete 
the  diagram  during  the  field  trip,  then  turn  in  the  progress  check  to  your  instructor 
when  it's  completed. 

INFORMATION 

WASTEWATER  AND  SLUDGE  SAMPLING 

Types  of  Sampling 

No  lab  test  can  give  y  u  a  true  idea  of  how  your  plant  is  doJng  'v^nle.r^s  you  take  your 
samples  correctly.     Haste  in  getting  your  sample,  or  getting  it  ready  for  testing,  can 
oflset  the  accuracy  of  the  tests  made  in  the  lab.     The  two  types  of  samples  ♦hat  will 
used  in  wastewater  sampling  are  grab  and  composite.     A  grab  sample  represents  the 
conditions  at  a  particular  point  in  time.     A  composite  sample  is  a  series  of  grab 
«?ainples  which  represent  conditions  over  a  set  period  of  time.     A  fe^  factors  which 
should  be  considered  in  collecting  a  sample  are: 
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What  kind  of  lab  examinations  are  to  be  made. 

The  ase  to  be  made  of  the  results  of  the  tests  or  analyses. 

The  nature  of  the  material  to  be  sampled  and  the  time  lapse  over  the  oeriod  of 
sampling. 

Tlie  chanj^e  In  the  flow  over  the  sampling  period. 
Methods  of  Coll  ctlon 

The  sample  should  always  be  collected  In  a.  glass  or  plastic  bottle.     The  volume  of 
sample  obtained  should  be  sufficient  to  perform  all  of  the  required  analyses,  with  an 
additional  amount  obtained  for  repeating  any  doubtful  tinalyses.     it  is  seldom  safe  to 
rely  on  a  single  sample  or  a  grab  sample.     There  is  no  ideal  time  for  collecting  a 
sample.     A  sample  collected  at  one  time  might  give  you  different  results  than  one  taken 
earlier  or  later.     One  way  to  correct  this  problem  is  to  take  a  composite  sample. 
Always  keep  samples  in  a  cool  place.     There  are  two  rrjethods  of  collecting  samples; 
manual  and  automatic.     With  the  manual  ^nethod  you  as  an  operator  have  a  metal  or  plastic 
bottle  on  a  wooden  polo  or  a  string.     You  drop  the  sampler  just  below  the  surface  and 
obtain  your  sample.     The  automatic  sampler  is  plugged  Into  an  outlet,   the  collection 
device  is  dropped  into  the  wastewater  and  weighed  down.     At  Intervals  the  sampler  will 
come  on  and  collect  the  wastwater  through  a  tube  and  put  the  sample  -Mo  a  plastic 
container.     After  the  time  has  expired  for  collection  of  the  samples     ii?  automatic 
sampler  shuts  off. 

Sampling  Points 

In  a  treatment  plant  the  two  areas  that  you  will  be  taking  sampjf  :    from  are  the 
wastewater  and  the  sludges.     The  location  of  sampling  points  within      treatment  plant 
will  vary  with  th*-  design  of  the  facility  and  sampling  procedures        r  be  adapted 
accordingly.     To  collect  a  gooii  representative  sample  certain  proce  ,  ^res  must  be 
f ol 1  owed . 

!•     The  sample  r^h.  v^>ri  be  taken  from  a  place  where  t^ie  wastewater  is  well  mixed. 

2.  When  the  sampj^  is  taken  from  the  center  of  the  channel  t.e  velocity  of  the 
wastewater  should  ne  high  enough  to  keep  the  solids  in  suspension* 

3.  The  sampl'^  c'l.o^l-i  be  taken     lightly  below  the  surface  of  tiie  wastewater  to  avoid 
an  t..'-c::s  of  floati--,-.  :rr.\.i^^r.     you  .'=l;ould  also  be  careful  not  to  collect  solids  which 
may  L^^ve  settled  to  -t'ry      ^.Ict)  of  r.,<-  channel. 

4.  You  should  noc  n    ■  iKe  particles  larger  than  1/4  inch  in  diameter  in  the  sample. 

When  sampling  sludges,  a  sample  should  be  taken  from  several  different  depths  to 
see  how  the  entire  digestor  is  working. 

The  sampling  points  should  he  readily  accessible,   proper  sampling  equipment 
should  be  available,  ann  adequate  r^afety  precautions  must  be  observed 

A  typical  sampler  for  wastewater  and  for  sludge  ^, .  .  be  seen  in  figure  7-1^. 


EKLC 


7-2 


LOWERING  CHAI  i 
MARKED  AT  6"  INTf  ALS 


EYEBOLT  FOR  ArTKCKrNG 
LIFTING  CHAIN 


IRON 
WASHER 


"Frigid  bail  of  v  strap-iron 
--^bolted  or  wilded  to  cap 


REMOVABLF  3"  PIPE  CAP 


7*3"  PIPE  NIPPLE  6"  LONG  // 


1"  OF  LEAD 
WEIGHTING 


SLUDGE  SAMPLER 


SECTION  THROUGH  SAMPLING  DEVICE 
VALVE  IN  OPEN  POSITION 


RING  AND  WIRE 
rRtGGER  RELEASE 


CONOUIT-PIPE  HANDLE 

STRAP-IRON  CAN  HOLDER 
BOLTED  OR  RIVETED 
TO  HANDLE 

TRIGGER  SPRING 


CYLINDER  ATTACHED  TO 
TRIGGER  WIRE 


HOLDING  PIN  ATTACHED 
TO  CAN  BOTTOM 


yj"  LEAD  WEIGHTING 


;an  of  light 

SHFtT  METAL 


P<VC'  ^LT  OR  RIVET 
TN'ROl'/'-  '^AN  HOLDER 
Af  !0  CAN 


hCVI'  /ABu  CAP  SECURED 
TO  CAN  B\  TUR\  ON  PINS 


SEWAGE  EFFLUENT  SAMPLER 


SECTION  THROUGH  SAMPLING  DEVICE 
CAN  IN  EMVTY  'INVERlED)  POSITION 


Figure  7-1^^.     Samplers  Designed  for  Collecting  Wastewater  and  Sludge 

EXERCISE  IV-7-7b 

INSTRUCTIONS 

Using  your  SW  ^2ABR56631   Ono-IV-7,   complete  the  following  statements. 
1.       What  is  a  grab  sample?  


2*      What  is  a  composite  sample? 


3.       What  are  the  four  factors  that  should  be  considered  in  taking  a  sample? 
a . 


c , 
d. 


What  typo  of  container  should  the  wayt<^wat^r  or  sludge  sample  be  coi 


5.       What  are  the  two  methods  of  collecting  waste^'ater  samplr-s? 


PROGRESS  CHECK 

You  should  be  ready  for  the  progress  check.  If  you  feel  you  nood  to  review  some  of 
the  previous  instruction,  do  so.  The  orogress  check  is  prepared  as  a  separate  publica- 
tion and  controlled  by  the  instructor.  You  must  do  the  progress  check  under  instructor 
supervision  and  complete  it  prior  to  leaving  for  the  day. 


7-3 


ERLC 


7C, 


ADJUSTABLE  WCtP 
CFruuENT  \  SCUM  IROUCH 


MCTOR  «N0  RCDUCtP  UNH 

INFLUENT 


SLUDGE  HQOPCN 


SrCONDART  TANK 


Figure  7-1.     Rectangular  Settling  Tank  and  Mechanism 
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Figure  7-2. 


Rectangular  Tank  Showing  Skimming  Action  of  Mechanism 
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OPRRATION  AND  MAINTENANCE  OF  PRIMARY  UNITS 


Definition  of  Primary  Treatment 

Primary  treatment  is  the  removal,  treatment  and  disposal  of  settleable  solids  from 
wastewater* 

Primary  Settling  Tanks 

Settling  tanks  or  clarifiers  are  u^ed  to  remove  the  settleable  solids  from  waste- 
water.    The  sludge  from  these  tanks  Is  moved  to  a  separate  digestion  tank  or  other  place 
of  disposal. 

There  are  three  types  of  settling  tanks.    These  are  primary  tanks  which  are  used 
for  ttie  treatment  of  raw  or  screened  sewage,  Intermediate  tanks  which  are  used  between 
two  stages  of  biological  treatment,  and  final  tanks  which  are  used  for  the  last  stage  of 
settling.     Two  types  of  sludge  removal  can  be  used.     Some  tanks  have  a  hopper  shaped 
bottom  to  collect  the  sludge  while  others  have  mechanical  collectors.     The  tanks  with 
mechanical  collectors  can  be  rectangular  or  circular. 

RECTANGULAR  TYPE.     Rectangular  type  tanks  are  shown  in  Figure  7-1.     Figure  7-2  is 
an  overhead  view  of  this  tank  showing  the  sludge  and  scum  removal  equipment.  Chain 
conveyors  swoep  the  sludge  particles  accumulated  on  the  bottom  toward  the  sludge  hoppers 
at  the  Influent  end.     On  the  primary  tank  the  conveyor  sweeps  the  entire  surface  of  th^ 
tank  forcing  the  scum  directly  to  the  draw-off  point  in  front  of  the  effluent  baffle. 
Sludge  hoppers  are  emptied  by  gravity  or  by  pumping  while  the  tank  remains  in  opera- 
tion. 

riRCULAR  TYPE.     The  circular  type  tank  with  mechanical  sludge  collection  is  illus- 
trated in  Figure  7-3.     Figure  7-4  is  a  cut-in  view  of  a  circular  tank  showing  the  type 
of  sludge  collector  mechanism.    The  Influent  comes  through  a  centrally  located.  Inverted 
siphon  surrounded  by  a  submerged  dlffuser  which  Introduces  the  feed  quietly  and  well 
below  the  surface,  distributing  it  evenly  to  all  parts  of  the  tank. 

HOPPER  TYPE.     Sludge  can  be  removed  from  hopper  tanks  through  withdrawal  pipes 
without  the  necessity  of  emptying  the  tanks  or  interrupting  operation.     Hoppers,  which 
take  the  place  of  sludge  collector  mechanism,  are  suitable  for  smaller  installations. 
Figure  7-B  shows  a  multiple  hopper  settling  tank. 

Detention  Time.     The  normal  detention  time  of  primary  and  secondary  settling  tanks 
range  from  one  to  two  hours  for  an  average  dally  flow.    With  activated  sludge  plant's, 
primary  tanks  where  it  should  be  1.5  hours.     Too  much  detention  may  cause  septic 
wastewater,  produce  odors,  and  Increase  the  load  on  secondary  treatment  units.  Where 
duplicate  units  are  used  long  detention  times  are  avoided  by  removing  one  or  more  tanks 
from  service  during  low  flows  or  by  recirculating  effluent  from  the  secondary  units 
through  the  primary  tank.     When  removal  of  solids  by  settling  tanks  is  far  below  normal 
(45  to  60  percent  suspended  solids),  the  cause  should  be  found.     Operators  should  always 
look  for  ways  to  Improve  operation. 

Operation.    Good  housekeeping  at  the  settling  tank  is  esentlal  to  prevent  odors, 
flies,  and  unsightly  appearance.     Floating  solids  passing  out  with  the  effluent  may  clog 
the  filtering  equipment  and  grease  may  cause  ponding  of  the  filter. 

Floating  Bfciterlal  Removal.    Floating  material  must  be  removed  once  each  shift  or 
more  often  if  needed.    Some  mechanical  skimmers  automatically  remove  this  material  to  a 
sump  for  disposal  while  other  tanks  have  a  manually  operated  skimming  pipe.     However,  a 
hand  skimming  tool  should  always  be  used  to  aid  the  entrance  of  skimmings  to  the  pipe  or 
trough.     Where  skimmings  are  pumped  to  the  digester,  a  minimum  of  wastewater  and  wash 
water  should  go  with  it  to  prevent  upsetting  the  digester  operation.     If  a  large 
quantity  of  fairly  dry  skimmings  tends  to  upset  digestion,  they  should  be  collected  in  a 
covered  can  with  openings  for  draining  excess  water  and  hauled  to  a  sanitary  fill  or 
incinerator.     The  can  must  not  be  placed  where  the  drainage  becomes  a  nuisance*     If  a 
fill  is  not  available,  skimmings  are  drawn  to  a  trench  and  covered  with  at  least  2  feet 
of  earth.    A  spray  of  water  directed  against  floating  material  frequently  settles  it* 
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Cleaning  Sidewalls.  Sldewalls  of  channels,  baffles,  weirs,  launders,  and  tanks  are 
kept  clean  of  grease  and  other  solids  by  hosing,  scraping,  or  brushing  once  each  day  or 
more  often  if  needed. 

Dead  ends  and  corners  are  brushed  at  least  cace  each  shift  and  fine  sand  and  gravel 
are  removed  for  burial  or  used  as  fill. 

Decks  and  walks  are  hosed  at  least  once  each  day.    Where  pressure  is  not  available 
for  hosing,  secondary  effluent  may  be  used  with  a  portable  pump. 

Grit  removal.     If  grit  appears  in  channels  or  hoppers  the  grit  chaniber  operation 
should  be  checked.     If  the  unit  does  not  have  a  grit  chamber,  one  should  be  installed. 
However,  since  grit  is  a  sign  of  breaks  in  the  sewer  system  or  storm  water  connections 
the  system  should  be  checked  before  a  grit  chamber  is  built. 
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Figure  7-3.     Circular  Primary  Settling  Tank 
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Figure  7-4.  Circular  Primary  Settling  Tank 

7-7 

o  771 
ERIC 


EFFLUENT 
COLLECTING 


Figure  7-5.  Multiple-Hopper  Settling  Tank 


Sludge  Withdrawal.    Proper  sludge  withdrawal  is  important  to  settling  efficiency. 
A  flexible  schedule  of  withdrawing  concentrated  sludge  must  be  established  with  the 
following  factors  considered. 

The  sludge  solids  content  should  be  as  high  as  possible.  This  means  a  slow  rate  of 
withdrawal  and  stopping  withdrawal  when  sludge  becomes  thin. 

The  amount  of  water  in  the  digester  must  be  reduced  wherever  possible  because  it 
iffects  digester  operation.    A  decrease  in  the  solids  content  causes  a  larger  volume  of 
sludge  to  be  heated,  a  greater  volume  of  digester  supernatant  to  be  returned,  and  a 
reduction  of  effective  capacity.     Example:     3  pounds  of  dry  solids  pumped  as  a  3-percent 
sludge  puts  into  the  digester  97  pounds,  or  about  11.7  gallons  of  water;  the  same  dry 
solids  pumped  in  as  a  6  percent  sludge  add  47  pounds  or  5.65  gallons  of  water,  about 
lalf  as  much.     Sludge  must  be  drawn  slowly  (50  to  60  g.p.m.  or  less)  to  avoid  pulling 
light  sludge  and  wastewater  to  the  intake;  it  is  sampled  during  the  drawing  to  note  the 
consistency  and  obtain  the  composite  sample.     A  quick-opening  2-inch  valve  must  be 
)rovided  for  sampling  if  other  means  are  not  available.    Sludge  of  thin  consistency  can 
»e  recognized  from  experience-^  by  correlating  its  appearance  with  sludge  solids  test 
'esults. 

Hopper  bottom  tanks  used  as  separate  settling  tanks  require  more  care  in  drawing 
iludge  because  of  the  larger  number  of  hoppers.     Sludge  from  the  hoppers  at  the  effluent 
nd  normally  has  a  low  solid  content,  but  must  be  removed  to  prevent  carrying  over  with 
he  effluent.    Hoppers  are  squeegeed  several  times  each  week  to  remove  adhering  solids. 

The  interval  between  removals  is  regulated  by  wastewater  load  and  weather  condl- 
ions.     Shorter  intervals  are  required  daring  high  flows  of  strong  wastewater  and 
uring  warm  weather.     If  sludge  rises  from  the  hoppers  removal  is  incomplete  or  too 
nfrequent. 

Sludge  should  normally  be  removed  from  primary  settling  tanks  three  to  four  times 
ach  24  hours.     Sludge  collected  in  settling  tanks  following  standard  trickling  filters 
s  drawn  at  least  once  each  day  except  during  filter  sloughing  when  more  frequent  with- 
rawal  is  advisable. 


7-8 


o 

ERIC 


Good  Judgment  is  necessary  to  find  a  balance  between  high  solids  concentration  and  a 
clean  tank  bottom,  especially  where  light  sludge  from  secondary  treatment  processes  is 
returned  to  the  primary  tank  for  resettling. 

Mechanical  sludge  collectors  in  circular  tanks  and  all  settling  tanks  for  activated 
sludge  must  be  operated  continuously.     Intermittent  operation  of  circular  tank  mechan- 
isms cause  solids  to  accumulate  on  the  tank  floor  placing  a  large  starting  load  on  the 
mechanism.     Continuous  operation  provides  greater  sludge  compaction.     Sludge  collectors 
in  rectangular  tanks  are  not  usually  operated  continuously  although  it  may  be  done, 
especially  when  the  w^istewater  is  strong  and  the  rate  of  flow  high.     The  mechanism 
should  normally  be  started  from  1  to  2  hours  before  pumping.     The  tank  length  governs 
the  length  of  this  period  somewhat.     At  least  two  complete  runs  for  the  length  of  the 
tank  is  desirable.     The  tank  bottom  must  be  well  cleaned  and  old  sludge  removed  to  the 
hoppers.     Rising  gas  bubbles  and  sludge  along  the  tank  indicate  incomplete  cleaning  or 
too  long  a  period  between  operation.     Hoppers  in  rectangular  tanks  should  not  be  filled 
to  more  than  6  inches  from  the  top.     In  withdrawing  sludge,  2  feet  of  sludge  blanket  may 
be  left  in  the  hopper.     Where  there  are  two  or  more  hoppers,  only  one  should  be  drawn  at 
a  time. 

The  daily  volume  of  sludge  removed  is  measured  by  the  following  methods: 

When  sludge  is  drawn  to  an  open  sump  before  pumping  to  the  digester,  calculate 
volume  of  the  sump  per  foot  depth.     Measure  depth  of  sludge  in  the  sump  by 
calibrating  a  rod  in  reverse  so  that  the  measurement  may  be  made  from  the  top 
of  the  sump  to  the  surface  of  the  sludge. 

When  sludge  is  pumped  directly  from  the  clarlfier,  estimate  volume  by  minutes 
of  pump  operation  multiplied  by  actual  gallons  per  minute  output.  This 
requires  calibration  of  the  pumps.     If  reciprocating  valves  clog,  that  time 
is  not  included. 

Where  floating  covers  are  installed  in  digesters,  check  volume  of  sludge  pumped 
in  several  days  against  the  above  calculation  by  the  rise  of  the  cover.  This 
procedure  is  one  way  to  calibrate  the  sludge  pump. 

Methods  of  Control.     Suspended  solids  and  settleable  solids  tests  are  the  primary 
measures  of  efficiency  since  solids  removal  is  a  primary  function.     Proper  operation 
should  remove  90  percent  of  settleable  solids  and  45  to  60  percent  of  suspended  solids. 
Low  solids  removal  may  be  caused  by  short  circuits  in  the  tank,  incomplete  removal  of 
sludge,  incomplete  collection  of  sludge  from  tank  floor,  short  detention  period  causing 
high  velocities,  or  long  detention  periods  following  gas  formation  in  tank. 

BOD  reduction  is  a  secondary  way  to  find  tank  efficiency.     Low  BOD  reduction  with 
normal  suspended  solids  removal  usually  indicates  septic  action  caused  by  a  long  deten- 
tion time  or  incomplete  sludge  removal.     A  pH  value  of  the  tank  effluent  lowsr  than  th^t 
of  the  influent  also  shows  detention  time  to  be  too  long. 

Analysis  of  sludge  samples  for  solids  content.     Sampling  the  tank  bottom  for 
presence  of  solids  and  the  appearance  of  rising  gas  or  sludge  shows  whether  or  not  the 
methods  of  removal  are  effective. 

Causes  of  low  efficiencies  must  be  found  and  corrected;  cc:*tinued  difficulty  is 
reported  to  higher  authority  for  advice  and  correction. 

Records  and  Reports.     The  following  data  is  reported  monthly: 

For  influent  and  effluent  of  tank;  settleable  solids,  pH,  suspended  solids,  and 
BOD. 

For  primary  tank  sludge;  volume  removed,  pH,  percent  solids,  percent  volatile 
matter. 

Changes  in  the  number  of  tanks  in  operation. 
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In  addition  to  the  data  required  monthly,  the  following  daily  records  are  kept: 


Volume  of  sludge  returned  or  recirculated  to  raw  wastewater  or  other  plant 
units  (refers  generally  to  secondary  sludge). 

Volume  and  disposition  of  skimmings. 

Remarks  on  operating  difficulties. 

Imhoff  Tanks 

The  main  parts  of  an  Imhoff  tank  are  shown  in  Figure  7-6.     Wastewater  flows  slowly 
through  the  top  (sedimentation)  chambers.     As  the  solids  settle  they  pass  chrough  a  slot 
in  the  hopper  bottom  to  the  sludge  digestion  chamber.    The  slot  is  built  so  that  gas 
produced  in  the  sludge  digestion  chamber  will  not  go  back  through  the  slot.     The  gas  is 
diverted  to  a  gas  vent  where  it  may  be  collected  as  fuel  or  released  to  the  air.  Solid 
Particles  which  rise  with  the  gas  are  also  held  in  the  sludge  digestion  chamber.  The 
settling  and  sludge  digesting  compartments  are  separate  so  that  the  gas  which  is  pro- 
duced in  the  digesting  process  will  not  keep  the  solids  from  settling. 

The  digested  sludge  may  be  pumped  out,  or  it  may  be  removed  by  gravity  flow.  The 
speed  of  sludge  digestion  depends  on  temperature  so  the  size  of  the  sludge  digestion 
compartment  depends  on  temperature  as  well.    A  sludge  capacity  of  three  to  four  and 
one-half  cubic  feet  per  person  is  average. 

OPERATION  AND  CARE  OF  SETTLING  COMPARTMENT.     Imhoff  tanks  require  regular  and 
frequent  attention  to  maintain  its  efficiency  and  to  minimize  odor  and  sight  nuisances. 

Regulation  and  Reversal  of  Flow.     Proper  distribution  of  the  influent  to  the 
settling  compartment  is  essential  to  efficient  settling.     Where  two  or  more  units  are 
installed,  flow  is  distribution  between  units  by  adjusting  the  influent  gates.  Properly 
placed  dividing  lines  of  bricks  or  triangular  blocks  of  concrete  may  somttimes  be  used 
in  the  influent  channel  to  divide  the  flow.     Leveling  of  outlet  weirs  is  necessary  to 
equalize  distribution  between  units.     With  long  tanks,  most  of  the  solids  may  tend  to 
settle  at  the  influent  end.     Separate  channels  are  used  to  reverse  the  flow,  using  the 
entire  digestion  space  to  full  capacity.     If  uneven  sludge  distribution  occurs,  flow 
must  be  reversed  each  month.     Settling  compartments  have  influent  and  effluent  baffles 
which  should  not  extend  more  than  18  inches  below  the  wastewater  surface.     The  influent 
baffle  distributes  incoming  flow  more  equally  across  the  entire  compartment. 
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CleanJnp:  and  Scum  Removal.    Care  must  be  taken  in  all  tank  cleaning  operations  to 
avoid  excessive  stirring  of  the  wastewater.    This  interferes  with  the  natural  settling 
of  the  solids  and  may  cause  skimmings  to  pass  under  the  baffles.    All  walks,  tops  of 
walls,  and  exposed  interior  walls  should  be  cleaned  by  hosing  and  scraping  once  a  day. 
The  channels  and  tank  walls  of  the  settling  compartments  must  be  kept  clean  and  free 
from  grease,  scum  and  gritty  deposits.     Scum  on  the  surface  of  the  flow  compartments 
must  be  skimmed  off.     Scum  is  the  floating  matter  such  as  grease,  oil  and  froth  (suds). 
Skimmings  should  not  be  placed  in  gas  vents  because  excessive  amounts  cause  odor 
nuisance.     Skimmings  should  be  transported  daily  in  covered  containers  to  an  incinerator 
or  sanitary  landfill  and  buried  promptly  with  a  thin  cover  of  earth.     Recover  with  an 
additional  6  inches  of  earth  after  24  hours.     A  spray  of  water  (final  effluent  may  be 
used)  helps  to  settle  floating  solids  in  the  settling  compartment  (see  Figure  7-7). 
Solids  sticking  to  the  upper  sides  of  the  hopper  bottom  of  the  settling  compartment  must 
be  pushed  through  the  slots  weekly  or  more  often  if  necessary.     A  longhandled  squeegee 
Is  a  suitable  tool  for  this  purpose.     A  heavy  chain  attached  to  a  long  handle  pole  is 
used  to  clean  the  slot  along  the  settling  compartment  (see  Figure  7-8). 

OPERATION  OF  DIGESTION  COMPARTMENT.     The  sludge  digestion  compartment  in  an  Imhoff 
tank  and  in  separate  sludge  digesters  operates  in  a  similar  :.anner. 

Control  of  Sludge  Level.    Sludge  must  not  be  allowed  to  accumulate  above  a  level 
of  2  feet  below  the  slot  in  the  settling  compartment.     If  the  slot  is  not  adequately 
trapped,  it  is  necessary  to  keep  the  sludge  level  much  lower  to  prevent  the  sludge 
solids  from  passing  up  through  it.     Sludge  must  be  withdrawn  frequently  enough  to  main- 
tain the  proper  level. 
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i^'igure  7-7.     Water  Spray  Used  to  Settle  Floating  Solids 


Small  draw-offs  monthly  or  more  often,  should  be  made,  rather  than  large  draw-offs  at 
longer  intervals.     Only  well-digested  sludge  should  be  withdrawn  leaving  enough  in  the 
compartment  to  prevent  acid  digestion  and  foaming.     The  collection  of  solids  in  the  tank 
before  any  treatment  has  been  given  is  called  raw  sludge.    Usually  not  more  than  half 
the  depth  of  sludge  should  be  removed  at  one  time.     In  northern  climates  however,  sludge 
nust  be  drawn  down  far  enough  during  summer  and  autiLTin  to  allow  a^ple  room  for  winter 
accumulations  when  sludge  digestion  proceeds  more  slowly.    The  availability  of  sludge 
drying  beds  regulates  withdrawal  at  some  plants.     Sludge  must  be  drawn  down  during  dry 
seasons  to  allow  sufficient  capacity  in  the  sludge  compartment  for  long,  rainy  seasons 
when  sludge  drying  may  not  be  possible. 
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Measurement  of  Sludge  Depth.     When  the  tank  is  operating  at  near  capacity  or  when 
there  is  a  possibility  of  overloading,  the  depth  of  sludge  in  the  digestion  compartment 
should  be  measured  weekly  at  both  inlet  and  outlet  ends  of  the  tank.     Monthly  measure- 
ments are  sufficient  if  the  wastewater  load  is  less  than  75  percent  of  rated  tank 
capacity.     The  two  methods  of  measuring  sludge  depth  are  the  use  of  a  pitcher  pump  with 
a  rubber  suction  hose  and  an  iron  plate  or  weighted  wood  block, 

A  hand  pump  of  the  pitcher  type  is  equipped  with  a  rubber  suction  hose  which  is 
narked  for  length  at  2-foot  intervals  and  weighted  at  the  end.     With  the  pump  in  opera- 
tion the  hose  is  lowered  through  the  slot  in  the  settling  compartment.     The  length  of 
hose  submerged  when  sludge  first  appears  equals  the  sl*!dge  depth.     A  variation  of  this 
pitcher  pump  method  involves  the  use  of  a  graduated  rubber  suction  tube  weighted  by  a 
4-foot  steel  pipe  that  forms  part  of  the  suction  line.    The  tube  is  lowered  through  the 
gas  vent  instead  of  the  slot;  otherwise,  the  measuring  procedure  is  the  same. 

An  iron  plate  or  a  weighted  wood  block,  12  to  18  inches  square,  can  be  attached  to  a 

graduated  wire  or  chain  and  lowered  through  the  gas  vent.     The  plate  stops  when  the 

sludge  level  is  reached.    The  distance  from  the  surface  to  the  sludge  level  may  then  be 
measure?  to  determine  the  sludge  depth. 


Figure  7-8.     Empty  Settling  Compartment  Showing  Hopper  and  Slot 


Sludge  Removal.    Well-digested  sludge  Is  black  and  granular  with  a  tarry  odor.  It 
has  a  pH  above  7.0  and  a  volatile  solids  content  of  about  50  percent,     it  drains  and 
dries  readily  on  sand  beds  and  does  not  breed  flies  on  beds  during  drying  periods.  The 
digested  sludge  must  be  drawn  off  slowly  to  allow  the  mass  to  settle  evenly.  Otherwise, 
a  cone  will  form  above  the  sludge  outlet  which  may  let  partially  digested  sludge  and  raw 
wastewater  out  with  the  digested  sludge. 

If  the  outlet  pipe  clogs,  flow  may  be  started  by  applying  recirculated  effluent  or 
water  under  pressure  (not  connected  to  the  potable  water  system)  through  a  hose  in  the 
sludge  riser  pipe.    Opening  and  closing  the  sludge  valve  may  also  relieve  clogging. 
Sludge  may  also  be  agitated  or  stirred  with  long  rods  inserted  through  slots,  gas  vents, 
or  riser  pipe.     After  sludge  is  withdrawn  the  sludge  lines  must  be  flushed  out  or  filled 
with  water  (unless  there  Is  danger  of  freezing)  to  prevent  drying  and  hardening  of 
solids  in  the  pipes. 
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Gas  Vents  or  Scum  Compartment.     Solids  rising  with  digestion  gases  accumulate  and 
form  scum  in  gas  vents.     This  scum  must  be  broken  up  as  frequently  as  necessary  to  allow 
the  entrapped  gases  to  escape  and  floating  matter  to  drop  back  into  the  digestion 
compartment.     One  or  more  of  the  following  methods  may  be  used:     breaking  up  the  scum 
with  a  rake  or  hoe;  hosing  scum  with  water  under  pressure  using  a  fine  spray;  keeping 
the  scum  wetted  down  with  water,   or  by  transferring  warm  liquor  from  the  digestion 
compartment  by  means  of  a  portable  pump.     The  use  of  large  quantities  of  water  should  be 
avoided  because  it  creates  subcurrents.     Heavy  or  dry  scum  should  be  shoveled  off  before 
scum  reaches  one  foot  in  depth  and  placed  on  drying:  beds.     In  cold  weather  frozen  scum 
roust  be  removed  frequently  to  let  gas  escape. 

F-amlng.     Foaming  is  Indicated  by  the  rise  of  large  amounts  of  black,  sudsy,  offen- 
sive scum  in  the  upper  part  of  the  digestion  compartment,  in  the  gas  vents,  and  in  some 
cases,  through  the  slots.     Acid  digestion  lowering  of  pli  and  the  fqrmating  of  gas  with 
high  carbon  dioxide  content  follows  this  condition.     If  it  is  not  checked  the  foam  may 
overflow  into  the  settling  compartments  and  carry  with  it  suspended  soilds  from  the 
digestion  chamber. 

Causes.     Foaming  occurs  when  raw  solids  accumulate  faster  than  they  can  be  digested 
and  Ts  usually  brought  about  by  the  following: 

1.  Starting  the  tank  without  first  seeding  the  sludge  with  well-digested  matter; 
this  is  especially  applicable  when  new  tanks  are  placed  in  service. 

2.  The  change  to  warmer  weather  from  low  winter  temperatures  when  there  has  been  a 
lack  of  digestion. 

3.  Excessive  withdrawal  of  digested  sludge. 

4.  High  grease  content  of  wastewater  solids. 
^.     Insufficient  digestion  capacity. 

Controls.     Careful  operation  will  prevent  foaming.     If  it  occurs,  the  following 
methods  will  control  or  minimize  it: 

1.  Mixing  digested  sludge  with  raw  sludge  before  starting  the  tank. 

2.  Periodic  heavy  hosing  or  use  of  a  continuous  water  spray  to  break  up  the  foam. 

3.  Application  of  sludge  or  sludge  liquor  from  the  hopper  bottoms  to  the  gas  vents 
by  means  of  an  air  lift  or  portable  pump,  thus  mixing  the  foam  with  digested 
slud ge. 

4.  Addition  of  hydrale  lime  slurry  if  sludge  pH  is  below  6.5.     Add  sufficient  lime 
in  this  suspension  direct  to  the  sludge  compartment  by  means  of  a  pipe  inserted 
into  the  gas  vents  at  different  points.     Add  sufficient  lime  to  adjust  the  pH 
to  7.0. 

5.  Putting  the  tank  out  of  service  until  the  foaming  subsides  is  the  most  effec- 
tive method  when  at  least  one  other  tank  is  available.     Reducing  the  flow  to 
the  foaming  Imhoff  tank  and  avoiding  a  detention  of  more  than  fi  hours  will  help 
prevent  septic  conditions, 

«.     Drawing  off  incomplete  digested  sludge  if  the  compartments  are  heavily  loaded; 
an  application  of  hydrated  lime  to  the  sludge  during  withdrawal  helps  to  reduce 
odors  and  fly  breeding  on  the  drying  beds. 

7.     Where  digester  capacity  is  Inadequate  and  additional  construction  is  delayed, 
building  deep  temporary  lagoons  that  will  provide  additional  digester  capacity 
and  are  equipped  for  sludge  removal  to  drying  beds. 
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Digestion  Compartment.     Digestion  compartment  control  Is  guided  bv  weeklv  or  monthly 

oil  and  Grease  In  Sewage  Flow,     oil  and  grease  In  raw  wastewater  entering  an  Imhoff 
Jl^tlL  of  ^  n'H«""^"H  '^^"^^  difficulties  such  as  Interference  with  digestion 

floating  of  solids,  and  Increase  of  BOD.  Such  wastes  should  be  Intercepted  before 
entering  che  sanitary  sewer  system.  intercepxea  oerore 

Separate  Olgesters  and  Components 

WhllfSsslnr^Jroulh  ^i"'*^?/!!'""*^*^  bacteria  and  other  microorganisms, 

r^the  bfJls  orth«^JiL^«  ^  ^^"P^^^  ^"'^  -""^^  stable  substances.  This 

3L«=^oH       ^  Sludge  digestion  process,  which  produces  three  final  products- 

hi^h«^H?J    ^P'^f^?^"^*^"*  ^"'^  Digestion  reduces  the  volume  of  s?udge  to 

be  handled    simplifies  disposal,  and  provides  a  more  stable  and  Inoffenslvl  product  ?hat 
^VfnL'^f''*^*':  '=°»'^l"o''S  may  be  used  as  a  soil  conditioner.     The  organic  ^tferJn 

ih!  it/f'";^        ^^""^^^  ^"'^  ""^^  ^^^''^^  f"^"'^         a  considerate  parfo?  the  solids 
fn,^nr  "L^^^^  ^"'^  Digested  Sludge  Is  dried  on  drying  beds-  supernal^nt 

ilo^?L*H  *°  the  raw  wastewater  entering  the  plant;  gases  Ire  bu^nl^^o^  us^  to 

provide  heat  or  power  for  the  digester  or  treitment  plant.     The  gas  m^y  also^be  usid  t^ 
operate  gas  engines  for  pumping  or  other  plant  purposes. 

paragSSs!""^  ^""^^^  °^  digestion  tanks.     They  will  be  covered  in  the  following 

UNCOVERED  TANKS.     Uncovered  tanks  are  ususally  hopper-bottom  tanks  without  eas 
?f    f  n.  "  equipment.     They  are  used  on  sm^ll  units  or  for  scoring  pfr?ly  or 

fully  digested  sludge  from  other  digesters.  ai-onng  parxiy  or 

FIXED  COVER  TANKS.     Fixed-cover  tanks  nay  be  used  for  economy  on  single,  two-stage 
Llr:^*"""^  digestion  tanks.     It  is  also  necessary  that  they  be  used  unJer  conJmonf 
flxld  ""t  """^'^  interfere  with  the  movement  of  floating  covers?    L^use  the 

fixed-cover  digester  must  be  kept  full  to.  keep  out  air.  withdrawal  of  supernatant  liauor 
must  be  done  at  the  same  time  and  in  the  same  amount  a^  the  addnion  ol  j^esh  sludge? 


Digesters  of  this  type  are  usually  concrete  structures  with  sloping  bottoms-  thev 
may  or  may  not  be  equipped  for  heating  a  ad  mixing  sludge  and  for  scum-Sreaklngr'TJe 
cover  may  be  a  flat  or  domed  concrete  slab  with  or  without  space  forgas  ^etwl^n  IS  and 
the  liquid  level  in  the  tank.     More  commonly,  gas  space  is  p^vld^  bfa  smH  Jo^e  of 
concrete  usually  located  in  the  center  of  the  cover  (see  Figure  7-9).     The  ras  dome  and 
TfL^r-rr^tJ'^  connected  to  a  boiler  or  waste  burnir  and  SJst  Il^^s  be  pf^viJ^  with 
I'til      ^"^^""J-  ^^""^^^        ^^^^^        external  means  or  by  hot  water  passed  through 

^^^^"^  "f^^  °^  ^""2  the  roof  ^  the^fn?  E^ter- 

^eiplSSres!^         ^  ^  """"^  recently  developed  method  of  maintaining  properslidge 

a  cover°ihaf  "5?Ss"'''^^'  '^^r^  ^^'^^^         of  two  kinds:     one  is  equipped  with 

I  °"  °^  "P  and  down  with  the  liquid  level  in  the  tank-  the 

Figure  7!lS.r^"^°'^^''  supported  by  the  gas%ressure  in  tJe  tank  Jsee 

CAUTION:     Sludge  must  not  be  withdrawn  from  a  floating  cover  tank  when  the  cover  is 
at  Its  lowest  position  and  resting  on  its  support  brackets. 
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and  can  be  handled  without  any  considerable  odor  nulsancl.      ^         relatively  stable 

7-fr's;™;'^o?'  "i^fs;?" "  <""e™«t  te.per.t«rercL  dSi"^^  ?r«  ??B:^^• 
High  temperatures  are  more  difficult  tn  ™i„^«Tn  h  ^  '  "  ^^^y^* 
especially  m  the  oo.rcltrillil^iL^^^^^  ^^---r. 

a  dl^epVa^L°^;obI°^^b^i^  Thl  sSJiL^riJ^n  S^S.^n^!crfer^"  iS^  ?^s?^?o^r" 

ac  ds  iLr'f  11'^  performed  on  a  sludge  sample,  taken  from  t^e  dlSsJlr.'    ?Sl  volatne 
acids  test  will  help  the  operator  determine  the  overall  health  of  thrdieestL    «nrt  mfv 
be  used  as  a  "control  test"  fc-  anaerobic  dlgestlonT  ^         digester,  and  may 

n  *°  sludge,  the  (i  .gester  contains  a  watery  Hauld  called  "sunemai-n  nt 

m?n^\'  nS^lt^eeT'j/l'i^^Ji"'^^;  n''^  °'  ac?ds  to  a lSllnl?y  should  be 

Tr^Jlo  S    l/l  S  i;i{l;?.«  1°""  anaerobic  digestion  to  progress  satisfactorily. 

IIL'lJnlty!'''""'  -If-ctlon.  but  It  nay  be  corrected  by  add°L'g"J:ilc:is  to'ln^cre^s^ 
Two  causes  for  formation  of  an  excessive  VA  concentration  are: 

1.  Tmproper  mixing  of  raw  sludge  with  the  contents  of  the  digester. 

2.  Excessive  quantity  of  raw  sludge  being  pumped  Into  the  digester  at  one  time. 
Example  of  volatile  acids: 

vinegar-acetic  acld-CHgCOOH 
formic  acld-ant-venom-HCOOH 
citric  acld-CgHg07'H20 

VA  tist  mea'siiel  the'L^raSdslhatlrrpresenr^^Jfr ^"^.f^^'^  digestion.  The 
s<.p™SJ^'-„r::!U^j;i;r»neST.l°4.'  »'  oils.  fats.  ™xes  .„d 
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f^bjections  to  grease: 

1.  Interferes  with  the  settling  rate  of  soMds,  causing  excessive  scum  accumu- 
lation. 

2*  Clogs  pipes  and  trickling  filters. 

3.  Deters  the  use  of  dried  sludge  as  fertilizer. 

Reasons  for  performing  a  test  to  determine  amount  of  grease  entering  the  wastewater 
treatment  plant: 

1.     This  Information  may  be  helpful  In  overcoming  difficulties  in  plant  opera- 
tion. 

Could  show  need  for  alternative  method  of  disposal  of  plant  effluent  (might 
cause  a  surface  film  on  receiving  stream  and/or  shoreline  deposits). 

3.     Could  indicate  nonsui tabi li ty  of  a  particular  batch  of  dried  sludge  for  use 
as  a  f erti 1 1 zer . 

The  grease  concentration  Is  determined  by  gravimetric  test. 

Grease  and  oils  are  resistant  to  anaerobic  digestion.     When  present  in  sludge  they 
cause  excessive  scum  accumulation  In  the  digester,   clog  the  pores  of  filters,  and  deter 
the  use  of  sludge  as  fertilizer. 

A  knowledge  of  the  quantity  of  grease  and  oil  Is  helpful  In  overcoming  difficulties 
In  plant  operation,   In  determining  plant  efficiency  In  controlling  the  dlticharge  of 
these  materials  In  receiving  stream.     A  knowledge  of  the  amount  of  grease  present  In 
sludge  can  aid  In  diagnosis  of  digestion  and  dewaterlng  problems,  also  to  Indicate 
suitability  of  a  particular  sludge  for  use  as  a  fertilizer. 

Procedures 

1.  Collect  a  1  liter  sample  of  raw  wastewater. 

2.  Add  5  ml  HCl  (lowers  pH  to  2). 

3.  Transfer  sample  to  separatory  funnel. 

4.  Add  30  mL  freon  (this  extracts  grease  and  separates  contents  into  two  layers, 
freon  at  the  bottom. 

5-     Drain  freon. 

6.  Place  freon  in  weighed  distilling  flask,  place  flask  over  steam  bath,  drive  off 
freon. 

7.  Weigh  flask  plus  grease. 
Calculate  mg/L  grease. 
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Figure  7-11.     Time  Required  for  Digestion  of  Wastewater  Solids 
at  Different  Temperatures 

NOTE:     Detailed  Information  and  materials  covered  to  this  point  in  the  study  guirle 
may  be  found  in  AFM  91-32,  Operation  and  Maintenance  of  Domestic  and 
Industrial  Wastewater  Systems,  Part  D,  Sections  2  thru  8,  pages  41  thru  100. 

Sludge  Drying 

.Sludge  Is  removed  from  digesters,  or  from  Imhoff  tanks  to  drying  beds.  Mechanical 
filter  also  remove  digested  sludge  to  be  dewatered  and  dried.     This  process  may  be 
accomplished  through  the  use  of  drying  beds  or  mechanical  filtration.     The  dried  sludge 
may  then  be  disposed  of  in  several  different  ways.     It  will  be  necessary  to  keep 
accurate  records  of  the  operation  on  a  monthly  operating  log. 

Well-digested  sludge  from  the  separate  sludge  digester  or  Imhoff  tank  has  a  water 
content  of  90  to  96%.     Digested  sludge  is  generally  dewatered  at  the  treatment  plant  by 
underdralned  sand  and  gravel  beds,  although  natural  sand  areas  are  sometimes  used.  The 
sludge  drying  takes  place  both  by  evaporating  from  the  surface  and  by  draining  through 
the  sand  and  gravel.     Water  drainage  through  the  bed  is  returned  to  the  raw  wastewater 
flow  wherever  possible.     When  plant  elevation  makes  this  impracticable,  it  is  discharged 
to  other  points  in  the  plant  or  to  the  receiving  stream.     In  most  cases  it  goes  direct Iv 
to  the  stream.  ^  ^ 

CONSTRQCTION  FEATURES  OF  SLUDGE  DRYING  BEDS.     In  the  construction  of  an  underdralned 
sludge  bed,  the  ground  is  dug  to  the  desired  depth  and  graded  to  form  furrows.     In  these 
furrows  open  tile  drains  are  laid  in  surrounding  beds  of  gravel  6  to  12  inches  deep. 
From  6  to  12  Inches  of  sand  is  placed  on  top  of  the  gravel  and  leveled.     Outside  walls 
and  partitions  between  adjacent  beds  may  be  constructed  of  concrete,  wood,   or  earth. 
The  number  and  size  of  beds  required  depends  on  plant  size  and  average  drying  time. 
Figure  7-12  shows  a  typical  sluage  bed.     Glass  covers,  such  as  those  used  for  green- 
houses, may  be  Installed  over  beds  to  Increase  drying  efficiency  to  provide  all-weather 
drying  and  to  eliminate  odor  nuisance. 
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PRYING  BED  OPERATION.     Effective  Sludge  drying  depends  primarily  on  the  condition  of 
the  sludge  from  the  digester.     Poorly  digested  sludge  forms  a  heavy  mat  over  the  sand 
and  sludge  surface  which  slows  drying.     Sludge  withdrawals  from  digesters  and  Imhoff 
tanks  should  be  scheduled  according  to  weather  and  seasons  to  make  the  best  use  of 
sludge  bed  capacity.     Both  digestion  and  drying  are  quickened  in  warm  or  dry  weather 
permitting  sludge  beds  to  be  cleaned  and  recharged.     During  co?.d  weather  sludge  must  be 
held  in  digesters  or  Imhoff  tanks  until  good  sludge-drying  weather,  unless  glass-covered 
beds  are  available.     Storing  digested  sludge  in  open  tanks  or  lagoons  may  be  necessary 
during  cold  or  wet  weather  when  drying  is  retarded.     Normally,  sludge  lagooning  should 
not  be  resorted  to  unless  digester  facilities  are  inadequate  to  store  the  sludge  pro- 
duced. 

SLUDGE  BED  PREPARATION.     Before  sludge  is  applied  to  the  bed  the  sand  or  other 
filtering  medium  m  st  be  clean,  smooth,  and  graded  slightly  away  from  the  point  of 
sludge  application  to  assure  uniform  depth  and  free  passage  of  water.     Sludge  chunks, 
weeds,  and  other  debris  must  be  removed.     A  thickness  of  not  less  than  4"  should  always 
be  maintained  to  assure  a  clean  effluent  and  to  keep  solids  from  entering  and  settling 
in  the  underdrains.     Clogged  sand  surfaces  may  be  remedied  by  the  removal  of  the  top  1/4 
to  1"  of  sand.     Splash  plates  should  be  provided  to  prevent  incoming  sludge  from  falling 
directly  on  the  sand  surface  and  disturbing  it. 

SLUDGE  APPLICATION.     Excessive  filling  of  sludge  bed  results  in  clogging,  requiring 
a  longer  drying  period  in  which  moisture  must  be  removed  by  evaporation  alone.     The  best 
filling  depth  depends  on  the  solid  content  of  the  sludge.     A  depth  from  R  to  12  inches 
is  generally  recommended.     If  the  bed  area  is  ample,  apply  sludge  and  allow  it  to  remain 
as  long  as  possible  to  reduce  the  moisture  content.     The  normally  dried  cake  should  be  3 
to  4  inches  thick  with  little  sand  and  easy  to  handle.     If  the  bed  area  is  limited, 
sludge  must  be  drawn  more  often  and  applied  at  minimum  depths  to  promote  quicker  drying. 
Do  not  discharge  wet  sludge  on  dried  or  partially  dried  sludge.     Drain  sludge  lines  and 
flush  with  a  small  amount  of  water  or  supernatant  after  each  use  to  prevent  sludge  from 
hardening  in  them.     If  it  is  necessary  to  draw  partially  digested  sludge  and  fill  sludge 
beds,  hydrated  lime  suspension  may  be  used  to  arrest  decomposition.     Add  approximately 
25  pounds  of  hydrated  lime  suspension  to  each  100  pounds  of  dry  solids  in  the  partially 
digested  sludge.     This  sludge  mixture  will  be  difficult  to  remove  and  will  dry  slowly. 

COAGULATION.  The  addition  of  floc-formlng  chemicals  that  cause  sludge  particles  to 
adhere  with  the  Tloc  to  form  small  masses  of  floe  and  sludge  will  allow  more  water  to 
filter  out  and  speed  the  drying  process  on  sludge  beds.     This  is  not  a  normal  procedure 
but  may  be  used  temporarily  where  it  is  necessary  to  speed  bed  drying  to  remove  sludge 
from  an  overloaded  digester.     The  most  common  coagulating  agent  is  aluminum  sulfate  or 
filter  alum.     Alum  in  a  water  solution  is  mixed  with  the  sludge  by  siphoning  or 
injecting  it  into  the  sludge  pipeline  to  the  drying  bed  as  near  the  digester  as 
possible.     As  little  alum  as  practicable  should  be  used.     One  to  two  pounds  per  cubic 
yard  (200  gallons)  of  sludge  are  usually  required.     The  proper  amount  can  be  determined 
by  mixing  known  quantities  of  sludge  and  alum  and  observing  how  the  sludge  flocculates 
and  separates  from  the  liquid. 

REMO  ING  DRIED  SLUDGE.     Remove  dried  sludge  when  it  can  be  picked  up  with  a  fork 
(not  a  shovel)  without  excessive  sand  sticking  to  the  underside.     Moisture  content  of 
this  sludge  usually  ranges  from  35  to  70%.     Dried  sludge  may  be  moved    rom  the  beds  by 
wheelbarrow,  truck,  or  tractor,  but  do  not  allow  heavy  equipment  on  the  beds  unless  run- 
ways are  provided  to  avoid  crushing  and  clogging  the  underdrains.     Long,  covered  beds 
are  sometimes  equipped  with  an  overhead  monorail  for  easy  removal  of  sludge  cakes. 

MECHANICAL  FILTRATION.     Sludge  may  be  preconditioned  in  preparation  for  mechanical 
filtration  by  washing  or  diluting  the  sludge  in  a  tank  with  two  or  more  volumes  of 
water,  mixing,  allowing  the  sludge  to  settle,  and  then  drawing  off  the  supernatant 
liquid.     This  process,  which  is  more  effective  with  digested  sludge  than  with  raw 
sludge,  is  used  to  condition  sludge  for  filtration  or  drying  rather  than  as  a  separate 
drying  operation.     The  supernatant  is  usually  returned  to  the  incoming  raw  wastewater. 

Sludge  must  be  chemically  conditioned  for  filtration  by  mechanical  filters.     Of  the 
numerous  types  of  mechanical  filters,  the  drum  type  and  disk  type  are  most  widely  used. 
Filter  cloth  is  the  usual  filter-medium.     It  is  stretched  over  copper  mesh  covering  the 
exterior  of  a  horizontal  drum  or  the  leaf  of  a  disk-type  filter.     This  drum  revolves 
continuously  and  operates  automatically  through  a  filtering-drying-discharging  cycle. 
Under  the  filter  surface,  a  hollow  inner  shell  forms  a  compartment  sub-divided  Into 
sections.     The  inside  of  each  section  as  it  rotates  is  separately  placed  under  either 
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Figure  7-12.     Sludge  Drying  Bed 

vacuum  or  pressure.    The  filter  revolves  slowly,  partly  submerged  In  a  sludge  reservoir 
equipped  with  an  agitator.     As  the  drum  passes  through  the  sludge,  a  vacuum  Is  applied 
to  the  Inside  of  the  submerged  sections  to  pull  a  suitable  thickness  of  sludge  against 
the  filter  cloth.     As  the  drum  revolves  from  the  sludge  reservoir,  the  vacuiun  holds  a 
layer  of  sludge  to  the  drum  and  acts  as  a  drying  vacuum  to  draw  the  liquid  Into  the 
sections  returning  the  sludge  solids  In  a  cake  on  the  filter  surface.     This  filter  cake, 
usually  from  1/1«  to  1/4",  Is  automatically  removed  before  the  drum  resubmerges.  To 
help  remove  the  cake  from  the  drum,  a  slight  air  pressure  Is  applied  to  the  Inside  of 
the  section  as  the  cake  reaches  the  removal  point,  causing  It  to  be  lifted  or  blown  off 
tl?e  drum  or  disk.     The  broken  cake  falls  Into  a  receptacle  or  chute  or  onto  a  conveyor 
for  transportation  to  a  point  for  further  drying  or  disposal.    The  sludge  liquor  removed 
Is  usually  returiaed  and  mixed  with  the  raw  wastewater  coming  into  the  plant.  Both 
vacuum-producing  and  air-compressing  facilities  are  required  for  operating  mechanical 
fl Iters. 

VACUUM  FILTRATION.     Vacuum  filters  are  used  for  sludge  dewaterlng  at  many  large 
plants,  or  at  smaller  plants  where  there  Isn't  enough  land  for  sludge  drying  beds. 
Vacuum  filters  can  also  handle  raw  sludge.     Figure  7-13  shows  a  vacuum  filter.  It 
consists  of  a  large  drum  over  which  the  filtering  medium  Is  placed.    The  filter  medium 
can  be  a  cloth  of  cotton,  wool  or  synthetic  fibers,  a  stainless  steel  mesh,  or  a  double 
layer  of  stainless  steel  coll  springs.     The  drum  turns  Inside  a  tank  with  about  one 
quarter  of  the  filter  surface  submerged  in  sludge.    Valves  and  piping  are  arranged  so 
that  a  vacuum  Is  applied  to  that  part  of  the  drum  turning  through  the  sludge.  The 
vacuum  Is  continued  as  the  drum  rotates  out  of  the  sludge  and  Into  the  air.     Toward  the 
end  of  one  turn,  the  vacuum  Is  reduced  and  the  sludge  Is  scraped,  blown  or  lifted  away 
from  the  drum  right  before  the  drum  enters  the  sludge  tank  again. 
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Problems  With  Vacuum  Filters.     Sludge  should  be  conditioned  with  chemicals  and/or 
elutriated  before  It  Is  vacuum  filtered.     This  nelps  the  water  to  drain  more  freely  and 
results  in  a  thicker,  lighter  and  dryer  cake  and  permits  higher  drum  turning  speeds. 
The  rate  of  sludge  yield  from  the  filters  Is  expressed  In  pounds  of  dry  solids  per 
square  foot  of  filter  surface  per  hour.     This  Includes  the  weight  of  conditioning 
chemicals.    The  yield  should  be  about  4  to  10  pounds  per  square  foot  (18  to  45  kg/m^) 
per  hour  for  primary  and  combined  primary  plus  secondary  sludge.     Digested  activated 
sludge  filters  poorly  and  may  result  In  yields  as  low  as  2.5  pounds  per  square  foot  (11 
kg/a^)  per  hour  If  It  Is  not  conditioned  with  chemicals.    Moisture  content  of  the 
sludge  cake  may  vary  from  65  to  80%,  however,  if  sludge  is  to  be  heat  dried  or 
incinerated,  the  filter  can  reduce  the  moisture  to  60%. 

INCTNERATION.     Incineration  is  another  method  of  drying  and  preparing  sludges  for 
disposal.     Incineration  will  evaporate  the  excess  moisture  then  destroy  the  pathogens 
and  reduce  the  volume  of  sludge  to  an  ash  for  safe  disposal.     Usually  the  disposal  of 
sludges  can  be  used  as  fertilizer  or  landfill.     Incineration  is  very  costly.  This 
process  is  most  helpful  at  plants  in  which  thpre  is  no  other  way  to  get  rid  of  the 
sludge.     See  figures  7-1 4a  and  b. 

Sludge  incineration  Involves  several  steps.     First,  the  feed  sludge  temperature  must 
be  raised  to  212»  F  (100»  C).     All  water  must  evaporate  from  the  sludge.  The 
temperature  of  the  dried  sludge  must  be  raised  until  the  volatile  solids  ignite  and 
burn.     Most  incinerators  work  in  the  range  of  1600*  to  i?000*  F  (870*  C  and  llOO*  C). 
The  most  common  types  of  incinerators  are  the  multiple  hearth  and  fluldlzed  bed. 
Figures  7-1 4A  and  7-1 4B  show  these.     Incineration  produces  a  residue  or  ash  which  can  be 
disposed  of  without  much  trouble.    However,  it  may  also  produce  hazardous  air  pollution • 
To  prevent  air  pollution,  the  incinerator  must  be  working  right  and  equipped  with  air 
pollution  control  units.    The  most  common  air  pollution  control  units  Involve  the  use  of 
"scrubbers"  which  spray  water  through  the  gas  outlets.    The  water  traps  the  pollution 
which  is  then  drained  to  a  chamber  from  which  It  must  be  disposed.     National  standards 
require  a  discharge  for  particulate  emissions  of  not  more  than  300  mg/lb  (0.65  g/kg)  of 
dry  sludge.    Regulations  may  vary  from  state  to  state.    Consult  both  local  and  state 
regulating  agencies  for  applicable  emission  standards. 

Sludge  Disposal.     Well-digested  sludge  contains  about  4  to  10%  total  solids.  The 
volatile  solids  content  on  a  dry  basis  is  below  55%  and  pH  is  over  7.0.     Poorly  digested 
sludge  terms  a  heavy,  sticky,  clinging  mat  over  the  surface  of  both  sludge  and  sand  in 
drying  beds  and  retards  drying.     Undecomposed  grease  in  the  sludge  clogs  the  sand, 
t'^ludge  must  cc«ne  well-digested  from  digesters  and  Imhoff  tanks  for  it  to  dry  quickly, 
completely,  and  without  odors. 

Sludge  may  be  utilized  for  a  useful  purpose.     Sludge  drying  is  usually  an  add!*- 
tlonal  expense,  but  it  may  be  Justified  by  local  conditions. 

DISPOSAL  OF  DRIED  SLUDGE.     Remove  dried  sludge  from  beds  as  soon  as  It  can  be 
handled  and  plJed  at  an  accessible  place  for  grinding  or  hauling.     It  may  be  pulverized 
by  a  mechanical  {grinder  for  easier  disposal  and/or  uniform  spreading  where  it  is  used  as 
a  fertilizer. 

Dried  digested  sludge  may  be  used  as  a  fertilizer.  Wastewater  sludge  is  not  h?.gh 
in  nitrogen,  phosphates,  or  potash  content;  generally  having  1.5  to  4.0%  nitrogen,  1.5 
to  2.5%  phosphate,  and  usually  no  more  than  a  trace  of  potash.  The  principal  value  of 
wastewater  sludge  is  the  humus  content  which  averages  from  25  to  35%. 

Use  of  sludge  for  fertilizer  is  subject  to  restrictions.     It  should  not  be  applied 
to  crops  which  will  be  eaten  raw.     The  frequent  presence  of  hookworm  eggs  in  sludge  may 
cause  infection  wherf>  climate  and  soil  favor  continued  hookworm  activity.  Digested 
sludge  is  particularly  suitable  for  fertilizing  vegetation  cultivated  for  dust  and 
errosion  control,  or  for  lawns,  flower  beds,  and  shrubbery.     In  many  cases  it  is 
possible  tc  sell  excess  dried  sludge  locally  to  nurseries  or  farmers. 

Dry  sludge  may  be  used  as  fill  in  low  areas  not  subject  to  heavy  traffic.  Care 
should  be  taken  during  disposal  because  the  sludge  will  not  support  heavy  equipment. 
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Figure  7-1 4a 
Multiple  Hearth  Incinerator 
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Figure  7-14b 

Fluidized  Bed  Incinerator 
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DISPOSAL  OF  WET  SLUDGE.     In  isolated  areas  wet  sludge  nay  be  discharged  directly 
from  digesters  to  sludge  lagoons  instead  of  to  drying  beds.     Lagoons  can  be  constructed 
as  simple  earth-walled  basins  and  unrierdrains  may  be  provided  when  lagoons  will  be 
reused  repeatedly.     If  only  well-digested  sludge  is  discharged  into  the  lagoons  they 
will  be  practically  odor-free  and  the  liquor  from  them  will  not  be  objectionable.  In 
emergencies  lagoons  are  sometimes  used  for  digestion  of  raw  or  partially  digested  sludge 
in  which  case  odor  can  be  expected.     Where  large  areas  are  available  lagoons  may  be  used 
until  filled,  then  ahandonded,  and  new  lagoons  constructed. 

In  some  instances,  particularly  where  drying  bed  faciliites  are  deficient,  wet  well 
digested  sludge  may  be  drawn  into  tank  trucks  and  applied  directly  to  areas  beinp 
fertilized.     Wet  sludge  is  normally  applied  in  quantities  of  lOO  to  400  gallons  per 
acre.     Lawns  may  bo  sprinkled  lightly  immediately  after  application  in  order  to  wash  the 
sludge  into  the  roots  of  the  vegetation. 

Wet  sludge  may  also  be  disposed  of  by  transporting  it  in  tank  boats  for  dumping  at 

sea. 

RECORDS.     Sludge  drying  will  be  reported  on  the  monthly  operating  log  to  include  the 
fol lowing: 

Total  gallons  drawn  to  beds. 

Average  pH,  percent  solids,  percent  volatile  solids. 

Total  cubic  yards  of  dried  sludge  removed. 

Average  drying  time  in  days. 

Additional  information  required  may  be  recorded  in  the  remarks  column  or  reverse 
side  of  the  operating  log.     The  information  to  be  recorded  is  as  follows: 

Date,  volume  in  gallons,  and  depths  in  inches  of  sludge  applied  to  each  bed  by 
bed  number. 

Results  of  pH,  percent  solids,  and  percent  volatile  solids  of  each  sludge 
withdrawal  to  each  bed. 

Date,   volume  in  cubic  yards,  and  disposition  of  sludge  removed  from  each  bed. 


NOTE:     Read  the  following  chapters  in  AFM  91-32  for  additional  information:     Chapter  13, 
Section  1,  Pumping  Sludge,  para  13.1.1  to  13.1.7;  Section  2,  Anaerobic  Digesters, 
para.  13.2.1  to  13.2.21.3;   Section  4,  Process  Control,  para.  13.4.1  to  13.4.14- 
Section  8,  Sludge  Tratment  and  Disposal,  para.  13.8.1  to  13.8.15.  ^ 
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EXERCISE  IV-7-7C 
PART  1 

INSTRUCTIONS 

Using  your  SW  J3ABR5631  OOO-IV-7,  to  complete  the  following  statements. 
1.     What  is  the  frequency  of  sludge  removal  from  primary  settling  tanks? 


2.     What  Is  the  maximum  depth  to  which  hoppers  In  primary  settling  tanks  may  be  filled? 


3.    Why  Is  good  housekeeping  at  the  settling  tank  essential? 


4*     How  often  must  floating  material  be  removed  from  settling  tanks? 


5.     Why  must  water  volume  In  the  digester  be  reduced  whenever  possible? 


6.  How  do  solids  get  from  the  settling  compartment  to  the  digestion  compartment  in  the 
Imhoff  tank?   

7.  What  two  methods  may  be  used  to  remove  digested  sludge  from  the  Imhoff  tank? 

a.  

b. 


R.    What  two  methods  may  be  used  for  disposing  of  skimmings  from  the  Imhoff  tank? 


9.     How  often  should  sludge  depth  be  measured  in  the  Imhoff  tank? 


10.     Oil  and  grease  in  the  Imhoff  tank  cause  what  conditions? 


11.     What  are  the  characteristics  of  well  digested  sludge? 
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12,     What  hazards  are  associated  with  digester  gas? 


What  type  of  bacteria  are  in  digesters? 

14.  What  are  the  stages  In  the  digestion  of  sludge? 

15.  What  Is  the  most  satisfactory  temperature  operating  range  in  digesters? 

16.  The  purpose  of  a  volatile  acids  test  is  to  determine  the   

17.  Why  is  it  necessary  to  thoroughly  mix  fresh  sludge  with  old  sludge  in  digesters? 

18.  When  grease  and  oil  are  present  in  an  anaerobic  digester  they  cause 

19.  Name  three  types  of  digester  tanks. 


20.  Which  type  of  gas  is  produced  in  the  largest  volume  in  digesters? 

21.  What  records  must  be  kept  on  digesters  and  gas  equipment? 


22.  What  is  the  water  content  of  wel 1-11 gested  sludge? 

23.  What  are  the  advantages  of  covering  a  sludge  drying  bed  with  glass? 


24.     What  is  the  corrective  action  for  a  clogged  sand  surface  in  a  drying  bed? 


25.     What  is  the  most  common  coagulating  agent  used  in  sewage? 


'>f).     How  is  dried  sludge  removed  from  the  drying  beds? 


a  • 
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27.     How  is  sludge  conditioned  for  filtration? 


2R.     Tn  the  filtration  process,  what  is  used  to  pull  the  sludge  against  the  filter 

cloth?  

29.  Well-digested  sludge  contains  what  percent  total  soli^G?  

30.  What  is  the  depth  of  sludge  in  a  drying  bed?   

31.  What  is  the  depth  of  gravel  in  a  drying  bed?   

32.  What  Is  the  depth  of  sand  In  a  drying  bed?   

2 

INSTRUCTIONS 

Hsing  your  SW  J3ABR56631  OOO-IV-7,   fill  In  the  blanks. 
1.     Separate  settling  tanks  or  clarifiers  are  single  purpose  structures  for  removing 


2.  Sludge  hoppers  are  emptied  by   or  by   

while  tank  remains  In  operation. 

3.  The  normal  detention  periods  of  primary  and  secondary  settling  tanks  should  be 
  for  average  dally  flow. 

4.  Good  housekeeping  at  the  settling  tank  Is  essential  to  prevent   

and 


5.  Floating  material  must  be  removed  each  shift  or   

If  present  in  large  quantities. 

6.  A  spray  of  water  under  pressure  directed  against  floating  material  frequently 
  floating  material. 

7.  Sludge  should  be  removed  from  primary  settling  tanks   

to    times  each  24  hours. 

8.  Sludge  hcppers  in  rectangular  tanks  should  not  be  filled  more  than   

  from  the  top. 
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'^^^   distributes  incoming  flow  more  equally  across 

the  entire  compartment. 

10.     Sludge  must  not  be  allowed  to  accumulate  above  a  level  of 


the  slot  in  the  settling  compartment. 


11.     The  settling  compartment  is  controlled  in  smaller  plants  by 

tests  and 


PART  3 

INSTRUCTIONS 

rising  your  SW  J3ABR56631  OOO-IV-7,   fill  in  the  blanks. 
I*       The  three  types  of  digestion  tanks  are 


and 


When  heating  the  sludge  in  a  digester,  you  use   

heating  or    heating. 

3.       The  three  stages  in  the  digestion  of  fresh  sludge  are 
 and 


4.       At  «5'F,  percent  of  digestion  is  completed  in  26  days. 

5-       Floating  cover  tanks  are  of  two  kinds,  they  are 
and 
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PART  4 


INSTRUCTIONS 

Place  the  appropriate  nunber  from  the  given  list  of  components?  in  the  circles 
provided,  using  Figure  7-15. 

a.  Joint  cover  e.  6''  to  12"  of  sand 

b.  Masonary  or  Wood  Division  Walls             f.  Effluent  Drain 

c*     Splash  Board  g.  Open-joint  pipe  drain 

d.     12"  of  sludge  h.  6"  to  12"  coarse  gravel 


Figure  7-15.     Sludge  Drying  Bed 


PROGRESS  CHECK 

You  should  be  ready  for  the  progress  check.  If  you  feel  you  need  to  review  some  of 
the  previous  instruction,  do  so.  The  progress  check  is  prepared  as  a  separate  publica- 
tion ani  controlled  by  the  instructor.  You  must  do  the  progress  check  under  instructor 
supervision  and  complete  it  prior  to  leaving  for  the  da:'» 
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EXERCISE  IV-7-7d 


INSTRUCTIONS 


3. 


4. 


5. 


6- 


8- 


nslnR  AFM  91-32,  Chapter  4,  7,  l?l  and  SW  J3ABR5fi«33  OOO-IV-7,  complete  the 
lowing  statements. 

How  often  must  the  tightness  of  the  bolts  be  checked  that  hold  the  skimmer  arm  in 
place  on  the  drive  shaft  of  the  circular  clarifier? 

List  three  causes  for  clogged  sludge  lines. 


What  would  be  the  lively  causes  for  irregular  or  Jerking  motion  of  skimmer  and 
sludge  collectors? 


a  • 
b. 
c. 
d. 
e. 


What  is  used  to  clean  the  upper  sides  of  the  hopper  bottom  of  the  settling  tank  of 
the  Imhoff  tank?  

What  is  used  to  clean  the  slot  along  the  settling  compartment  of  the  Imhoff  tank? 


What  causes  excessive  foaming  in  the  digester? 


What  causes  the  fluctuating  temperature  in  a  digester? 


A  decrease  in  sas  production  is  likely  caused  by 


a . 


b. 


a . 


b. 


Likely  cause  of  decreased  digester  capacity. 
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10.     TTow  do  you  clean  the  sludge  drying  beds? 


11.     Why  do  we  need  to  replace  the  sand  in  a  drying  bed? 


1-?.     Vacuum  filter  media  should  be  cleaned  well  after  each  run  or   

to    hours  of  operation. 

13.  The  scraper  or  "doctor"  blade  should  be  carefully  adjusted  to  keep  it  from  tearing 
the  ,  on  the  vacuum  filter. 

14.  Raw,  undigested  sludge  Is  unfit  for  land  spreading  because  It  often 

contains  many   .     Raw  sludge  must  bs  plowed  under 

as  soon  as  it  is  applied  to  avoid   

  should  only  be  used  when  other  sludge 

15.  disposal  facilities  are  not  available. 


PROGRESS  CHECK 

You  should  be  ready  for  the  progress  check.  If  you  feel  you  need  to  review  fsome  of 
the  previous  instruction,  do  so.  The  progress  check  is  prepared  as  a  separate  public.^- 
tlon  and  controlled  by  the  instructor.  You  must  do  the  progress  check  under  instructor 
supervision  and  complete  it  prior  to  leaving  for  the  day. 

SUMMARY 

Primary  settling  tanks  are  used  to  remove  settleable  solids  from  the  wastewater. 
Sludge  deposited  in  the  bottom  of  these  is  removed  to  a  separate  digestion  tank.  The 
settling  of  solids  in  primary  settling  tanks  is  generally  not  aided  by  chemicals  or 
coagulants.     These  type  tanks  can  be  classified  according  to  their  methods  of  sludge 
collection.  Primary  settling  tanks  may  be  rectangular,   circular  or  square. 

The  Imhoff  tank  is  a  two-compartment  tank.     As  anaerobic  decomposition  takes  place 
in  the  digestion  compartment,  the  gases  produced  rise  and  may  be  collected  for  fuel  or 
be  allowed  to  er^cape  to  the  atmosphere.     The  separation  of  the  settling  and  digestion 
processes  permits  more  efficient  settling,  keeps  wastewater  in  upper  compartment  fresh, 
makes  digestion  more  complete,  and  produces  a  better  effluent. 

The  sludge  collected  in  the  primary  settling  tank  is  usually  treated  in  a  digester. 
The  digester  reduces  the  volume  of  the  sludge  and  converts  it  to  a  more  stable  form.  The 
organic  matter  in  sludge  is  decomposed  and  stabilized  by  the  action  of  anaerobic 
bacteria.     (Anaerobic  bacteria  are  able  to  live  in  absence  of  free  oxygen.)     The  final 
products  of  digestion  are  digested  sludge,   sludge  liquor,  and  gases.     The  digestion 
process  has  three  stages:     high  acid,   less  acid,  and  fermentation. 


REEERENCES 

1.  AFM  91-32,  Operation  and  ^Maintenance  of  Domestic  and  Industrial  Wastewater  Systems 

2.  AFM  88-11,  Chapter  3,  Sewage-Treatment  Plants 
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SW  J3ABR5B631  OOO-IV-8 


OPKT^ATTON  A^D  MAINTENANCE  CF  SECONDARY  WASTEWATER  TREATMENT  UNITS 


OPJECTTVES 


Civen  a  list  of  incomplete  statements  and  a  list  of  terms  and  phrases  relative  to 
the  operation  of  trickling  filters,  complete  the  statements  lAW  to  AFfT  91-32.     Eight  of 
the  twelve  completed  statements  must  be  correct. 

Given  information  and  a  troubleshooting  guide,   identify  the  maintenance  require- 
ments for  trickling  filters  by  following  a  troubleshooting  guide  with  a  maximum  of  one 
instructor  assist* 

Given  information  and  incomplete  statements  related  to  wastewater  lagoons,  write  the 
correct  terra  or  phrase  to  each  statement  accoridng  to  AFM  91-3:?.     Six  of  the  ten 
responses  must  be  correct. 

Define  the  activated  sludge  process  and  principles  by  matching  the  corect  phrase  or 
term  to  a  statement  related  to  activated  sludge.  Seven  of  the  eleven  responses  must  be 
correct . 

Indicate  the  basic  facts  about  activated  sludge  systems,  by  matching  the  proper 
facts  to  a  list  of  various  types  of  systems.     Twelve  of  the  seventeen  must  be  correct. 

Indicate  the  corrective  action  to  take  when  operational  problems  develop  by  listing 
the  proper  corrective  action  for  each  problem  according  to  AFM  91-32.     Two  of  the  four 
must  be  correct. 

While  visiting  a  municipal  v/astewater  plant,  observe  the  operation  of  the  plant  and 
equipment.     Use  a  schematic  to  trace  the  flow  and  identify  the  components.     Use  a  check- 
list to  list  maintenance  and  safety  items  with  no  more  than  three  instructor  assists. 

Hven  information  rel£:ted  to  laboratory  test  controls  of  an  activated  sludge  system, 
identify  the  type  and  reason  for  each  test  control  according  to  AFM  91-32.     Four  of  six 
must  be  correct. 

Given  information  and  a  troubleshooting  guide,   identify  the  maintenance  requirements 
for  each  activated  sludge  system  by  selecting  the  correct  action  to  take.     Three  of  the 
five  must  be  correct. 

Working  as  a  team  and  using  a  schematic  to  operate  the  waste-^ater  plant  trainer, 
locate  the  correct  valves  to  control  the  flow  of  water  through  each  processing  unit  with 
no  more  than  five  instructor  assists. 

INTRODUCTION 

Definition  of  Secondary  Treatment 

Waste  plants  discharge  large  volumes  of  water.     This  water  normally  flows  into 
streams,   rivers  or  lakes.     You  learned  that  the  effluent  from  primary  treatment  still 
contains  a  lot  of  solid  content.     Secondary  treatment  is  designed  to  further  clean  the 
wastewater  so  the  streams  will  not  become  polluted. 

Let  us  look  at  some  of  the  units  that  make  up  a  secondary  treatment  system.  These 
units  will  be  covered  under  the  following  topics: 

Trickling  Filter 

Lagoons 

Activated  Sludge  System 

Rotating  Fixed  Media  Biological  Units 
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INFORMATION 


TRICKLING  FILTER 


Basic  Features  of  Trickling  Filters 

The  trickling  filter  looks  like  a  swimming  pool  full  of  rocks.     It  can  be  round  in 
shape  or  rectangular.     The  bed  of  rocks  ranges  in  depth  from  three  to  eight  feet  deep. 
On  top  of  the  rocks  is  mounted  a  water  sprinkling  system.     Water  is  sprayed  or  sprinkled 
over  the  rocks  and  it  trickles  downward  to  an  under  drain  system  that  carries  the  water 
off  to  another  treatment  unit. 


The  purpose  of  trickling  filters  is  to  further  treat  wastewater  by  letting  bacteria, 
fungi,  worms,  fly  larvae,  protozoa  and  algae  break  down  the  remaining  waste  from  primary 
treatment. 

Principles  of  Filter  Operation 

Settled  wastewater  is  applied  tc  the  trickling  filter  in  a  fine  spray.     The  applied 
wastewater  trickles  in  a  thin  film  over  the  surfaces  of  the  filter  medium  which  becomes 
coated  with  zoogleal  film.  The  film  contains  aerobic  bacteria,  fungi,  worms,  fly  larvea, 
protozoa,  and  algae,     A  continuous  supply  of  food  and  oxygen  for  these  organisms  is 
furnished  by  the  applied  wastewater  which  is  sprayed  on  the  bed  so  as  to  absorb  a 
maximum  amount  of  oxygen.     The  film  on  the  stones  of  the  filter  media  removes  fine 
suspended  and  collodial  solids  from  the  wastewater  and  holds  them  for  reduction  by  the 
organisms.     Since  oxygen  is  present  in  the  filter,  a  large  number  of  aerobic  bacteria 
will  inhabit  the  film  and  work  on  suspended,  collodial  and  dissolved  organic  solids 
which  have  become  concentrated  in  and  upon  it.     This  brings  about  a  reduction  of  B,0,D., 
ammonia,  organic  nitrogen,  and  especially  in  the  lower  portion  of  the  bed,  formation  of 
nitrates.     The  concentration  of  organic  matter  in  the  film  explains  why  wastewater  is 
adequately  treated  even  though  only  a  short  period  of  time  is  required  for  it  to  trickle 
frcHU  the  top  of  the  bed  to  the  bottom,     A  new  filter  bed  must  acquire  its  zoogleal  film 
before  il  is  very  efficient.     The  time  required  is  usually  two  weeks,  although  this  may 
be  decreased  if  the  filter  efflneat  is  recirculated  to  'i;he  filter  bed. 

Bacteria  will  reduce  the  amount  of  B,0,D,  in  the  applied  wastewater  by  about  50 
percent  in  a  five  foot  deep  filter.     Larger  animals,  such  as  worms,  may  also  be  present, 
but  the  zoogleal^ forming  bacteria  are  the  most  important.     The  film  on  the  bed  becomes 
heavy  and  thick  at  times  with  dead  organic  matter.     This  sloughs  off  to  appear  in  the 
effluent  as  humus-like  suspended  matter,  which  still  exerts  some  B,0«D,  This  sloughing 
off  or  unloading  is  found  in  all  trickling  filters,     A  bed  that  unloads  continuously, 
thereby  keeping  worn-out  film  and  dead  matter  to  a  minimum,  usually  shows  a  better 
all-time  efficiency  than  a  filter  that  slougns  off  periodically.     A  thin  transparent 
film  upon  the  filter  media  indicates  favorable  condition.     The  unloading  characteristics 
of  trickling  filters  make  it  necessary  to  give  final  sedimentation  to  the  effluent. 

Bacteria  and  other  organisms  are  continually  active  when  food  and  oxygen  are 
available  and  do  not  need  any  time  for  rest.     The  more  food  that  is  available,  the  more 
active  the  bacteria  will  be,  and  they  only  stop  when  the  food  supply  stops.     Thus,  the 
upper  portions  of  a  trickling  filter  are  more  active  than  the  lower  portions  in  removal 
of  B,0,D,     This  explains  why,  when  trickling  filters  are  operated  in  series,  the 
secondary  filter  operates  less  efficiently  than  the  primary  filter. 

Factors  Affecting  Filter  Operation 


Filter  loading  is  expressed  as  either  volumetric  or  organic. 

Volumetric  loading  measures  the  volume  of  wastewater  applied  per  unit  of  filter 
surface.     It  is  expressed  as  millions  of  gallons  a  day  per  acre  (mgd/acre).  To 
determine  the  volumetric  loading,  the  average  flow  in  m,g,d,  to  the  filter,  including 
any  recirculated  effluent,  is  divided  by  the  filter  area  in  acres. 


PURPOSE 


LOADING  OF  FILTERS 
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Organic  loading  measures  the  strength  of  the  wastewater  in  terms  of  the  quantity 
B,0,D,  applied  per  unit  of  filter  volume.     It  is  expressed  as  pounds  of  B.O.D.  per  day 
per  acre  ft.  of  filter  media.     To  determine  organic  loading  divide  the  total  pounds  of 
B.O.D.  applied  per  day  by  the  acre  ft.  of  filter  media. 


Figure  8-1  illustrates  some  types  of  filter  loading. 


FILTER  TYPES 

LOADING  . 

Volumetric 
^  ui(^u  /  acre  ) 

BOD  lb  per 
acre  ft. 

Standard  Rate  (Low  Rate) 

Normal  Design 

Approx  2 

600 

Highly  Loaded 

2  to  10 

600  to  1,500 

High  Rate 

Normal  Design 

10  to  60* 

3,000 

Low  Loading 

10  to  60 

1,500  to  3,000 

High  Loading 

10  to  60* 

3,000  to  5,000 

Roughing  (followed  by  addi- 

tional secondary  treatment) 

10  to  60* 

3,000  to  12.000 

*May  be  above  m.g.p.a.d<< 

in 

some  cases. 

Figure  8-1.     Filter  Loading  by  Types 


Efficiency  of  Filters 

The  efficiency  of  a  filter  with  a  normal  load  depends  on  distribution,  ventilation, 
filter  media  and  temperature. 

Wastewater  must  be  distributed  evenly  to  make  good  use  of  the  whole  surface. 
Uniform  flow  through  fixed  nozzles  is  provided  by  proper  dosing  from  the  dosing  chamber. 
As  the  head  falls,  the  circle  of  application  becomes  smaller.     Rotary  distributors  have 
a  larger  number  of  orifices  or  nozzles  at  the  outer  ends  of  the  arms  than  the  inner  ends 
to  cover  the  increased  area  of  the  larger  circle.     Revolving  disk  distributor.s  have 
vanes  of  several  sizes  to  give  uniform  application  over  the  whole  filter. 

The  spaces  in  the  filter  media  must  be  kept  open  for  good  air  flow.     Natural  ai^ 
fl  ow  is  up  through  the  filter  in  cold  weather  ?*-nd  down  in  warm  weather  because  of 
temperature  difference  between  the  air  and  wastewater.     Filter  underdrains  must  be  ample 
in  size,  kept  open,  and  their  outlets  unobstructed  to  allow  the  flow  of  air.  (See 
Figure  8-2.)    Forced  ventilation  of  beds  by  means  of  blowers  is  sometimes  used. 
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Figure  8-2-     Blocks  Used  in  Underdrain  System  of  Trickling  Filters 

The  filter  media  must  be  hard  and  durable,  free  from  dust,  ditt  or  other  foreign 
material,  and  all  near  the  same  size  (two  to  four  inches)  throughout  the  filter  to  avoid 
dense  spots  that  may  cause  ponding- 

Ftlters  work  best  in  warm  weather.  Cold  conditions  in  the  north  may  drop  efficiency 
as  much  as  50  percent. 

Types  of  Filters 

LOV  RATE  FILTERS.     Standard  or  low-rate  filters  may  be  rectangular  with  fixed  spray 
nozzles,  as  shown  in  Figure  8-3  or  round  with  rotary  distributor  arms  as  shown  in  Figure 
8-4.     In  either  case,  intermittent  dosing  is  provided  by  a  dosing  tank  with  an  automatic 
siphon  or  by  a  pump. 


Figure  8-3    Standard  Filter  with  Fixed  Nozzles 
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Figure  8-4.     High  Rate  Filter  with  Rotary  Distributor 

The  standard  rate  filter  usually  unloads  in  the  fall  and  spring.    When  a  change  in 
temperature  or  high  flow  -causes  the  bed  to  slough  off  its  growth  of  organisms  and  dead 
matter,  the  filter  effluent  becomes  turbid  and  frequently  carries  off  large  masses  of 
worms  found  in  the  filter.    The  solids  in  this  effluent  are  removed  by  final  settling. 

HIGH  RATE  FILTERS.     High  rate  trickling  filters  are  usually  round  in  shape  to 
accommodate  the  rotary  distributor  as  shown  in  Figure  4  which  is  better  for  the  high 
variations  in  flow  than  the  fixed-nozzle  sprays.     The  filter  stones  may  be  slightly 
larger  in  size  than  those  used  for  standard  or  low-rate  filters  but  should  not  exceed 
4  inches  ^n  diameter.    Wastewater  flows  continuously  and  a  portion  of  the  effluent  from 
the  secondary  settling  tanks  is  usually  sent  back  to  the  filter  with  the  primary 
settling  tank  effluent. 

Advantages  of  the  high-rate  filter  are:     slightly  less  cost  to  build,  less  plant 
space  used,  few  problems  from  filter  flies,  and  less  odor.     Some  of  the  disadvantages 
are  that  operation  is  much  more  sensitive,  the  filter  can't  handle  a  wide  range  of 
loads,  the  resulting  sludge  has  a  high  water  content  and  is  more  putrescrible ,  and  the 
degree  of  purification  is  less  if  recirculation  is  not  used.     These  factors  will  cause 
the  operating  cost  to  go  up. 

In  higH-rate  filters,  wastewater  that  has  passed  through  the  filter  is  recirc^jlated 
either  continuously  or  at  times  of  low  flow  of  raw  wastewater.     By  this  means,  more 
volume  is  applied  and  wastewater  strength  is  low  which  makes  the  flow  on  the  bed  more 
constant  thaia  for  standard-rate  filters.     The  heavy  flow  of  wastewater  will  caue2 
continuous  unloading  and  reduce  film  thickness  with  the  following  tjffects:  less 
fly-breeding  (since  more  larvae  are  washed,  this  stops  foul  odors  by  freshening  the 
wastewater),  more  uniform  operation,  the  seeding  of  applied  wastewater  vith  active 
organisms  and  enzymes  resulting  in  more  efficient  treatment  with  better  utili?;»tion  o* 
the  depth  of  the  filter.     Solids  are  not  kept  as  long  as  in  standard-rate  filters,  so 
they  are  less  stable  and  continue  to  exert  a  considerable  oxygen  demand  in  settling 
tanks  receiving  filter  effluent.    Likewise,  the  solids  have  considerable  oxygen  demand 
and  continue  clarification  and  B.O.D.  removal  in  settling  tanks  as  long  as  aerobic 
conditions  are  kept.    Nitrification  is  negligible  with  B.O.D.  loads  of  more  than  2,000 
pounds  per  ac/e-foot.     Settling  tanks,  including  primary  tanks  if  filter  effluent  is 
returned  through  them,  are  parts  of  high  rr^te  filter  treatment. 
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Operational  Problems/Corrective  Actions 


Th.  nZJ^?^       PENDING.     Ponding  Is  caused  by  dense  spots  In  the  bed  that  stop  flow. 
The  Condition  may  be  caused  by  a  large  amount  of  suspended  solids  or  grease  In  the 
}uJir"«;Jl    ^„^H'^^^*^^^^*'t^  crumbled,  dirty,  or  too  small;  excessive  growth  of 

•      n  t"'^  P^^"^  ^"'•'"'^  ^ol'^s  between  stones;  or 

mo^J  of  .H    r,,^"?''*"^  ft^^^*^        plugged  filters  nay  be  reduced  or  stopped  by  one  or 
more  of  the  following:     (1)     Flush  the  surface  with  a  fire  hose;   (2)    pike  or  fork  the 
^"sJ^'own  th^ioith^'^f/'l  distributor  at  the  plugged  spot  and  let  the  wastewater  f tow 
r^«i„    !i     ?    erowth    (4)     Punch  holes  In  the  top  layer  of  stone  with  an  iron  bar;  (5) 
Apply  chlorine  or  chlorinated  lime,  up  to  5  p. p.m.  residual,  to  the  filter  Influent  for 

^J[?«l?„£°r      h'"''  "^^^^  '^""^        "Ight  when  wastewater  flow  and 

chlorine  demand  are  low;  (6)  Flood  the  filter  for  12  to  24  hours.  If  possible,  every  7 
tc  x4  days;   (7)  Allow  the  growth  to  dry  by  resting  the  filter  for  12  to  48  hours  if 
other  units  can  be  used.  "wuio  n 

CONTROL  OF  FILTKR  FLIES.     The  film  on  standard-rate  filter  bed  stone  will,  at  tim-s 
nfanroi^L^tr^t  ^^/''""^  ''''^  Psychoda  alteranta  or  filter  fly  is  a  nuisance  tS' 

plant  operators  and  nearby  homes.     High  infestation  is  caused  by  high  temperatures  and 
thick  growth  on  stones.     Filter  flies  can  bs  controlled  by  flooding  the  filter  for  12  to 
^4  hours  every  two  weeks  or  by  heavy  doses,  2  to  5  p. p.m.  of  chlorine  at  the  filter 
influent  or  dosing  tank,  or  by  changing  to  high  rate  operation. 

FILTER  MEDIA  AND  UNDERDRAINS.     Keep  the  filter  free  of  leaves  and  twigs.     Any  snail 
rock  or  sand  particles  or  other  accumulations  must  be  washed  out  of  the  filter  under- 
dralns  and  removed  from  the  collection  channels  to  keep  them  from  being  discharged  to 
settling  tanks  where  they  may  plug  sludge  lines.     Keep  the  underdrains  and  channels  open 
to  let  air  flow  througn  the  filter.     When  it  is  cold,  the  filter  surface  must  be  kept 
free  of  snow  and  ice  for  proper  operation  of  the  rotary  distributor.     Remove  bad  filter 
stone  and  replace  with  sound  stone. 

ODOR  CONTROL.     Odors  caused  by  decomposition  of  organic  matter  may  be  reduced  or 
controlled  by  the  following  means:     (1)  recirculate  final  effluent  to  add  dissolved 
oxygen;   (2)  reduce  primary  tank  detention  time  by  taking  one  or  more  tanks  out  of 
service  if  the  detention  period  exceeds  three  hours;   (3)  chlorinate  filter  Influent  with 
dosages  up  to  5  p. p.m.;   (4)  the  application  of  chlorine  or  copper  sulfate  to  the  raw 
wastewater  at  the  upper  ends  of  the  system  will  help  to  keep  wastewater  from  becoming 
septic,  and     (5)  flush  sewers  periodically  to  help  deliver  fresher  wastewater  to  the 
treatment  plant,  thereby  assisting  in  odor  control. 

WINTER  OPERATION.     In  many  casrjs,  operation  of  trickling  filters  during  cold 
weather  will  cause  few  difficulties.     In  extremely  cold  climates,  however,  you  will  need 
to  take  precautions  to  stop  damage  to  equipment  or  interruption  of  the  operation.  In 
the  case  of  rotary  distributors,  the  drain  valve  in  the  distributor  base  can  be  opened 
sUgntly  to  drain  and  stop  freezing  in  the  distributor  arms.     Use  of  recirculation  to 
minimize  freezing  at  the  filter  by  cutting  down  the  time  to  the  dosing  cycle  during 
low-flow  periods  is  also  used.     To  minimize  freezing,  dosing  tanks  are  sometimes  covered 
with  planks  and  Insulated  with  straw. 

Pinal  Settling  Tanks 

SLrjDGE  REMOVAL.     Sludge  from  settling  tanks  following  high-rate  filters  will  turn 

ser/tic  more  rapidly  than  that  from  standard-rate  filters  and  must  be  removed  at  least 

once  each  shift  or  more  often  as  necesary.     If  centrifugal  pumps  are  used,  recirculation 

to  the  primary  settling  tanks  should  be  from  the  bottom  of  the  tanks  or  the  sludge 
removal  pipe  to  give  continuous  removal  of  sludge. 

VOTE:     Read  Chapter  5,  for  additional  Inforrration  on  Trickling  Filter    Chapti-r  5 
Sections  1,  2,  3,  4,  para.  .5.1.1  to  5.4.4.  "  ' 
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EXERCISE  IV-8-8a 
PART  1 

INSTRUCTIONS 

Using  SW  J3ABR56631  OOO-V-8  and  AFM  91-32,  answer  the  following  statements. 
1.      What  is  meant  by  ponding  In  a  trickling  filter?  


2. 

The  trickling  filter  needs  , 

and 

forms  to  function. 

3, 

Odors  and  a  black  slime  in  the  med^a  voids  will  indicate 

that 

the  filter  is 

4. 

5?tones  less  than  one  inch  in  diameter  may  lead  to 

or 

of  the  f1 Iter. 

5. 

Trickling  filter  recirculation  is  used  to  increase  the  removal 

of 

and 

PART  2 

INSTRTTCTIONS 

Complete  the  following  statements  using  SW  J3ABR56(S31  OnO- 

-IV'-8. 

1. 

Rotary  filters  are  designed 

a. 

2. 

Fixed  nozzle  filters  are 

b. 

round  in  r^hape 

3. 

The  filter  depth  is  generally 

c 

continuously 

4. 

The  size  of  the  crushed  rock  is 

d. 

3  to  8  feet 

The  proper  dosing  of  li Iters  is 

e. 

each  shift 

controlled  by 

f . 

nozzles,  orifices 

Uniform  aDDlication  is  controlled  by 

and  discs 

7. 

Natural  air  movement  In  cold  weather  is 

g- 

?  to  4  inches 

8. 

Natural  air  movement  in  warm  weather  is 

h. 

copper  sulfate 

Q, 

A  high  rate  tricklin^^  filter  is  designed  to 

1 . 

up  through  the  bed 

spray  the  filter  media 

J. 

rectangular  in  shape 

10, 

Following  the  high  rate  trickling  filter, 
the  final  settling  tank  sludge  should  be 
removed  at  least 

k. 

biochemi  cal  oxygen 
demand  (BOD) 

11. 

Trickling  filters  have  a  tendency  to 
reduce 

1. 

down  through  the 
filter 

ERIC 


PROGRESS  CHEC> 


You  Should  be  ready  for  the  progress  check.  If  you  feel  you  need  to  review  some  of 
the  previous  instruction,  do  so.  The  progress  check  Is  prepared  as  a  separate  publica- 
tion and  controlled  by  the  instructor.  You  must  do  the  progress  check  under  instructor 
siipervisloLi  and  complete  it  prior  to  leaving  for  the  day* 
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INFORMATION 


NOTE:     ID^AFM  91-32  read  Troubleshooting  Trickling  Filters.  Chapter  5.  Section  5.  para. 

EXERCISE  IV-8-8b 

INSTRUCTIONS 

Using  AFM  91-32,  correctly  match  the  indicator  vith  tbe  likely  cause. 

INDICATOR  LIKELY  CAUSE 

 1.    Leaking  around  center  column.  a.    Flow  controls  not  properly 

 2.    Flow  distribution  not  uniform.  adjusted. 

 3.     Too  much  ice  on  the  surf^.ce  of  filter  ^^'^^^^  °^  '"O"  seal. 

media.  _ 

c.     PCjr  ventilation  -  clogged 

 4.     Black  L.rowth  on  media.  unjerdrain. 

 5.     Grease  on  filter  media.  prevailing  te^mperature. 

 6.     NO  growth  or  sparse  growth  on  media.  ^'    J^SgJ?  P^'^''^* 

 7.     Effluent  high  in  BOD  and  suspended  solids.        f .     Grease  traps  not  serviced 

Often  enough. 


Toxic  substance  ia  the 
wastewaer. 


PROGRESS  CHECK 


the  JrevSSs  inSrucSL'^^^  progress  check.  If  you  feel  you  need  to  review  some  ol 
tion'L'J'contron'd""^^  ''TJ"^Ll''Z\l'  ^  ^^"^^^  P"^^^^^" 

supervision  and  compj^tf  it'^r  JririeavL^g^^f^^^  ?Se'5ay''^'"''  ^'"^^  ""'"^  instructor 


INFORMATION 

OXIDATION  1X)NDS 


b.  a»  effluent  trco  „  „,<ld.tlon  pondf"s5L"?e"u??r»  JSiriCapomLri;!?! 


Types  of  Lagoons 


A  lagoon  is  classified  according  to  the  kind  of  bacteria  that  Mv*.  a  i 

a^L^rSSj^^LS^Slf  ^r;  III?.','' LnlVir^''^  bacter^r'^JiSse^'^Ig^Ll  ;SiiJ-ha;e';i°?;y 
indu%?r'i:i'::*t"s?  ?h%'^?igoonra%%'°5ery1frv^\h'ut1lt'L^^^^  pretreat  very  strong 
iTcttT.'^V  °f^«r  enterlrVth?  SJSaJe^^^ho^se'wJ^h'rsUrieJcMc"'^'' 

Title  s:oSd''^^°°°^  t^'^'^"^'*  se:o;;a";%.J|f?Se°nt'S?  w\'s  eSIte'r^a're*  a%^'Lt1';e'^" 

SStt'om^orihe'S^nd'  °*  <iissoUe<l  oxygen  near  the  surfajran'rjess'^l^r  the 
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Lagoon  Processes  and  Operations 


Oxidation  ponds  can  be  used  to  treat  industrial  or  domestic  wastewater.     They  have 
been  used  for  partial  or  complete  treatment.     Due  to  the  location  and  design  of  various 
bases,  the  adaptability  of  oxidation  ponds  will  vary.     Wastewater  plant  effluent  may  be 
discharged  to  oxidation  ponds  in  favorable  locations  such  as  desert  or  isolated  areas, 
j»nd  where  ample  land  is  available  and  the  climate  is  dry  and  warm. 

Algae  are  simple  one  celled  green  plants.     They  and  the  bacteria  do  most  of  the 
work  in  oxidation  ponds.     The  bacteria  in  the  oxidation  ponds  break  down  the  organic 
carbon  materials  in  the  wastewater  to  carbon  dioxide.     The  algae  take  the  carbon  dioxide 
Into  their  systems  and  give  off  oxygen. 

In  oxiciation  ponds,  treatment  is  done  by  nature  with  very  little  help  from  man.  If 
sufficient  time  and  sunshine  are  provided,  bacteria  and  algae,  with  the  help  of 
occasional  wind  action,  stabilize  the  organic  matter  in  the  wastewater,     (See  Figure 
p-S).     Where  the  rate  of  flow  is  reduced  on  entering  the  oxidation  pond,  suspended  and 
settleable  solids  will  be  deposited.     These  plus  the  dissolved  organic  mater  are  food 
for  the  bacteria. 


Figure  8-9.     Waste  Treatment  in  Oxidation  Ponds 

Biological  life  developed  In  the  lagoons  uses  the  organic  and  mineral  matter  in  the 
wastewater  for  food  to  produce  more  stable  products.     These  products  often  stimulate  the 
fi:rowth  of  algae  and  other  vegetation.     Oxygen  from  the  air,  and  the  ability  of  vegeta- 
tion to  give  off  oxygen  under  sunlight  help  to  keep  lagoons  aerobic.     In  a  properly 
built  system,  aerobic  conditions  establish  themselves  after  a  short  time.     The  lagoons 
develop  an  odor  much  the  same  as  fresh-water  ponds  in  the  woods.     In  cold  or  cloudy 
weather,  treatment  is  much  less  effective  because  algae  oxygen  production  Is  retarded. 

Oxygen  Is  supplied  on  the  surface  and  stirred  in  by  wind  action.     Additional  oxygen 
is  made  available  by  algae,  therefore,  the  need  for  shallow  oxidation  ponds  so  that 
these  plants  may  receive  the  sunlight  they  require.     Bacterial  decomposition  of  the* 
deposited  or  dissolved  solids  furnishes  carbon  dioxide  for  the  plants.     In  case  of  an 
overloaded  pond  or  cloudy  weather  mechanical  aereators  may  be  used  to  increase  the 
dissolved  oxygen* 


Due  to  the  wide,  shallow  area  exposed  to  the  atmosphere,  evaporation  of  water  will 
take  place.     This  will  tend  to  reduce  the  volume  of  waste  to  be  disposed  of.    As  a 
result,  the  use  of  oxidation  ponds  is  most  efficient  where  evaporation  is  high.     In  some 
dry  areas  such  loss  equals  the  entire  wastewater  flow. 

Primary-settling  is  the  minimum  treatment  given  wastewater  before  it  is  put  into 
the  lagoons.  Otherwise,  except  under  unusual  conditions,  sludge  will  build  up  in  the 
influent  section  of  the  lagoons,  not  only  causing  septic  conditions  during  digestion, 
but  also  making  periodic  cleaning  of  the  inlet  lagoon  necessary. 

When  the  weather  is  clear  and  warm  and  the  pond  is  operated  in  series  with  other 
ponds,  the  quality  of  successive  effluents  improves  as  it  passes  from  pond  to  pond. 
The  amount  of  dissolved  oxygen  will  often  rise  to  the  saturation  point.     The  pH 
increases  as  the  wastewater  flows  from  one  pond  to  the  next  until  the  effluent  is  defin- 
itely alkaline  and  the  amount  of  B.O.D.  and  suspended  solids  fall. 

Site  and  Construction  Features 

Because  many  oxidation  ponds  depend  upon  evaporation  to  dispose  of  the  wastewater 
they  usually  work  best  in  hot,  dry  climates.     They  also  require  a  large  land  area  so  are 
usually  located  in  isolated  areas. 

Oxidation  ponds  will  be  built  so  that  the  wastewater  is  from  3-5  feet  deep; 
usually,  they  are  not  over  three  feet  deep.     If  the  wind  is  strong  enough  to  prevent 
surface  scum,  inlet  or  effluent  baffles  may  not  be  required.     Distribution  baffles  are 
shallow  so  the  speed  of  water  under  them  is  not  fast  enough  to  scour  tho  pond  bottom. 
It  is  recommended  that  the  wastewater  should  flow  into  the  center  of  the  oxidation  pond 
slightly  above  bottom.     Some  structures  carry  effluent  from  one  oxidation  pond  to 
another.    They  usually  provide  some  turbulence  and  aeration.      Some  ponds  are  designed 
to  provide  a  minimum  of  30  days  detention  of  the  average  daily  flow.     In  determining 
this  detention  period,  only  the  top  two  feet  of  water  in  ponds  under  ten  acres  in  area 
and  ony  the  top  three  feet  in  ponds  over  20  acres  in  area  are  considered.  Oxidation 
ponds  have  banked  edges  to  contain  the  wastewater.     These  banks  have  an  inside  slope  of 
about  four  to  one.         reduce  the  errosive  effects  of  any  waves  due  to  wind,  the  tops 
and  outer  sides  ol  the  bands  are  grassed. 

Maintenance  of  Oxidation  Ponds 

Keeping  the  area  around  the  ponds  neat  and  clean  is  very  important.     The  dikes  and 
walls  should  be  kept  free  from  brush  and  weeds  so  the  pond  surface  will  be  exposed  to 
sunlight  and  wind  action.     The  growth  of  cattails  and  other  weeds  should  be  prevented. 
These  plants  attract  mosquitoes  and  muskrats,  cover  the  surface,  and  accumulate  scum. 
Large  floating  objects  should  be  removed  from  the  pond.    Mosquitoes  and  burrowing 
animals  can  be  controlled  by  raising  or  lowering  the  water  level  about  six  (6)  inches 
every  two  weeks.    The  walls  of  the  pond  should  be  protected  from  collapse  or  wave 
errosion  by  planting  with,  grass  or  covering  with  rip  rap. 

The  operator  should  measure  the  influ«^nt  and  effluent  flow  on  a  regular  schedule  to 
see  if  the  design  capacity  is  being  exceeded.     If  the  pond  is  hydraulical ly  overloaded 
the  detention  time  may  be  reduced  below  an  acceptable  level. 

Just  by  looking  at  the  oxidation  pond  will  often  give  you  a  clue  to  how  well  it  is 
operating.    Some  things  to  look  for  are: 

^    The  color  of  the  water  should  be  slightly  green  with  a  clear  effluent, 
o    There  should  be  no  scum  or  grease  on  the  water  surface, 
o    There  should  not  be  any  offensive  odors. 

o    There  should  not  be  any  rapid  changes  in  the  water  level  which  could  indicete 
leakage  or  infiltration. 

Laboratory  Testing 

If  an  oxidation  pond  has  a  discharge  it  must  have  a  permit  Just  like  any  other 
treatment  plant.     In  this  case  careful  records  must  be  kept  on  the  quality  of  the 
effluent.     Your  permit  will  tell  you  which  tests  you  must  run  on  your  effluent.     Some  of 
the  most  common  are  dissolved  oxygen,  alkalinity  and  pH,  suspended  solids,  B.O.D. , 
sulfides  and  fecal  coliform. 
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Oxid.ition  ponds  may  be  built  to  discharge  a  continuous  effluent  just  as  a  waste- 
water plaint  does,  or,  if  a  large  flat  of  land  can  be  found,  to  rely  upon  evaporation  to 
the  extent  that  no  discharge  will  take  place*  When  an  effluent  is  discharged,  it  will 
usually  be  lower  in  B.O.D.  and  will  be  higher  in  dissolved  oxygen  than  the  raw 
wastewater. 

NOTE:     For  additional  Information  on  Lagoons,  read  AFM  91-32,  Chapter  10,  Sections  1,  2. 
3,  4,  5,  6,  para.  10.1.1  to  10.6.1. 

EXERCISE  IV-8-8C 

INSTRUCTIONS 

Using  SW  J3ABR56631  OOO-IV-8  and  AFM  91-32,  correctly  complete  the  following 
statements. 

1.      Oxidation  ponds  are  sometimes  called   


2.       For  more  surface  area  to  be  exposed  to  the  atmosphere  and  sunlight,  oxidation  ponds 
are  . 

Oxidation  ponds  must  have  to  be  most  efficient. 

4.  Keeping  shorelines  clean  and  raising  and  lowering  the  water  level  every  10  days 
helps  , 

5.  If  ponds  are  properly  operated  there  will  be  an  increase  of   . 

^.       They  may  not  have  an  outlet, 


7»      An   ^  lagoon  is  used  to  pretreat  very  strong  wastes  such  as  meat 

packing  waste. 

8.      Total  containment  lagoons  are  sometimes  called  non-discharging  lagoons  or 
    ponds. 

The  lagoon  area  should  be  fenced  and  signs  should  identify  it  as  a 


PROGRESS  CHECK 

You  should  be  ready  for  the  progress  check.  If  you  feel  you  need  to  review  some  of 
the  previous  instruction,  do  so.  The  progress  check  is  prepared  as  a  separate  publica- 
tion and  controlled  by  the  instructor.  You  must  do  the  progress  check  under  Instructor 
supervision  and  complete  it  prior  to  leaving  for  the  day. 

IMFORMATTON 

THE  ACTIVATED  SLUDGE  PROCESS 

Define  Activated  Sludge 

Activated  sludge  is  aerobic,  biological,  treatment  of  wastewater.     This  system  is 
used  in  secondary  treatment  to  convert  dissolved  and  suspended  solids  into  settleable 
solids.     The  settleable  solids  may  then  be  removed  in  a  secondary  settling  tank.  There 
are  several  modifications  of  the  activated  sludge  system  but  they  all  work  on  the  same 
principle.     A  well  run  activated  sludge  system  can  remove  as  much  as  95"'  of  the  B.O.D. 
and  suspended  solids  in  the  wastewater. 
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Description  of  the  Process/Principles 


The  activated  sludge  system  consists  of  aeration  tanks  and  clarifiers  or  settling 
tanks.    The  aeration  tanks  may  use  either  mechanical  aerators  or  diffused  aeration.  The 
settling  tanks  may  be  rectangular  or  circular. 

When  wastewater  is  agitated  continuously  in  the  presence  of  oxygen,  an  active 
biological  material  known  as  activated  sludge  will  be  formed.    This  brownish  floe 
substance  is  made  up  of  numerous  organisms  similar  to  the  zoogleal  film  in  a  trickling 
filter.    Activated  sludge  absorbs  and  adsorbs  dissolved  and  suspended  organic  material. 

The  sludge  usually  needs  15  to  45  minutes  of  contact  for  the  adsorption  and 
absorption  of  solids  before  bi'^logical  oxidation  starts. 

Once  the  activated  sludge  has  contacted  the  solids  it  takes  several  hours  for  the 
organisms  to  break  the  solids  down.    As  the  solids  are  broken  down  the  activated  sludge 
can  contact  more  solids  from  the  wastewater  and  begin  breaking  them  down.    As  the 
wastewater  leaves  the  aeration  tank  it  flows  into  a  settling  tank.     Here  the  solids  will 
settle  to  the  bottom  and  the  clear  water  can  leave  the  tank.    The  clean  water  may 
receive  further  treatment  or  be  chlorinated  and  discharged  from  the  plant.     The  solids 
can  be  recirculated  to  the  beginning  of  the  aeration  tank  where  the  process  will  start 
over.     The  sludge  which  is  sent  back  to  the  aeration  tank  is  called  return  activated 
sludge.    All  the  solids  in  the  system  (aeration  tanks  and  settling  tanks)  are  referred 
to  as  mixed  liquor.    After  a  period  of  time  the  solids  will  continue  to  increase  until 
there  are  many  in  the  system.     At  this  point  some  of  them  must  be  removed.     This  is 
called  wasting  the  sludge.     Instead  of  recirculating  the  activated  sludge  to  the 
aeration  tank,  it  can  be  drawn  either  to  a  digestor  or  directly  to  a  drying  bed 
depending  on  the  type  of  system. 

A  high  quality  activated  sludge  settles  rapidly  and  leaves  a  clear,  odorless,  stable 
liquid  above;  it  is  usually  golden  brown  and  has  a  slight  musty  odor.    The  floe  usually 
appears  to  be  granular  with  sharp  edges. 

A  typical  flow  diagram  of  the  activated  sludge  process  is  shown  in  figure  8-'6 
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Figure  8-6.    Flow  diagram  of  Activated  Sludge  Process 
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Description  of  the  Lqiii  pment 


Facilities  for  sedimentation  and  sludge  digestion  are  miirfi   like  thos*-  ubed  in  oih  r 
treatment  processes.     Low  head  pumps  and  pipes  for  recirculating  serond  state?  aerato- 
effluent  to  first  stage  influent  are  often  used  to  improvo  plant  «.^ffl!i(.ni  and  kepp  c>  .s 
down . 

AFRATION  TANKS 

The  main  unit  in  the  activat    I  process  is  the  aeration  tank.     These  tanks  use  either 
diffused  or  mechanical  aerators  to  supply  air  to  the  wastewater.     Mixing  of  the  air  and 
wastewater  causes  the  activated  sludge  organisms  and  the  wastewater  solids  to  contact 
one  another  and  make  floe.     The  aeration  tank  may  be  circular,   rectangular  or  square. 
Tt  should  have  a  detention  time  from  0.5  hours  to  more  than  24  hours,  depending  on  the 
kind  of  treatment  used.     The  aeration  time  Is  the  average  detention  time  in  the  aeration 
tanks  based  on  the  average  flow  of  wastewater  being  treated  by  the  plant  plus  the  flow 
of  return  sludge.     Aeration  tanks  that  use  diffused  air,  which  are  usually  rectangular 
and  narrow,  are  built  to  have  detention  time  of  eight  hours.     Mechanical  aerators, 
generally  used  In  square  tanks  arranged  In  series,  are  built  for  a  twelve  hour  aeration 
time.     vSludge  is  returned  from  secondary  settling  units  by  gravity  or  by  a  pump. 

Types  of  Aerators 

The  basic  factor  In  the  activated  sludge  process  is  aeration,  which  is  necessary  to 
supply  an  adequate  amount  of  oxygen  to  keep  it  biologically  active.     There  should  be 
between  .5  and  2.0  mg/L  of  dissolved  oxygen  In  the  aeration  tanks.     If  there  is  not 
enough  dissolved  oxygen  the  wastewater  will  turn  septic.     Septic  wastewater  will  release 
hydrogen  sulfide  gas  which  smells  like  rotten  eggs.     There  are  two  general  aeration 
methods.     These  are  either  diffused  aeration  or  mechanical  aeration. 

DiFFUSED  AlB.     In  diffused  air  plants,  aeration  is  done  by  the  release  of  com^ 
pressed  air  at  the  bottom  of  the  aeration  tank.     This  air  will  rise  through  the  tank 
contents.     Aeration  tanks  are  designed  and  diffuser  equipment  placed  so  as  to  give  a 
spii'al  motion  to  the  mixed  liquor,     f^ethorts  include  placing  diffuser  plates  on  the 
floor  of  the  tank  next  to  a  wall  over  dl ff user-plate  boxes  (see  Figure  8-0);  inserting 
diffuser  tubes  into  the  sides  of  a  fixed  air  pipe  along  one  side  of  the  tank;  attaching 
diffuser  tube  assemblies  to  movable  pipes  (swing  dlffusers)  by  which  the  tube  assemblies 
may  be  lifted  out  of  the  tank  to  be  cleaned  (see  Figure  8-7).     The  main  parts  of  the 
swlR^  diffuser  are  shown  in  Figure  8-8. 

In  diffused-air  plants,  air  discharged  through  the  diffuser  should  be  controlled  at 
both  the  blcwer  and  down  pipes.     With  this  control,  air  Input  can  be  fitted  to  the 
changing  demnds  of  wastewater  strengths     About  95  to  98  percent  of  the  air  keeps  the 
t^ink  contents  Iti  motion,   mixing  and  causing  solids  to  form  floe;  the  rest  of  the  air  Is 
used  to  supply  the  oxygen  required  for  oxidation  and  stabilization.     One  type  of  blower 
used  for  providing  air  to  dlffusers  is  shown  in  Figure  8-10. 
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Figure  8-7.     Swing  Dlffuser  in  Raised  Position  for  Servici 


Figure  8-8.    Cutaway  of  Aeration  Tank  Showing  Swing  Diffuse 
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Figure  8-9.    Diffuser  Plates  and  Air  Piping  In  a  Spiral-Flow  Aeration  Tank 


Figure  8-10.     Blower  Used  for  Air  Supply  to  Diffuser  System 
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MECHANICAL.  Mechanical  aerators  use  impellers,  revolving  disks,  or  brushes  to  spray 
wastewater  into  the  air  or  pull  air  down  into  the  wastewater. 

Figure  8-11  shows  equipment  used  to  pull  wastewater  up  through  a  cone  from  the 
bottom  of  the  tank  and  spray  it  into  the  air.     This  is  done  by  the  motion  of  the 
impeller  in  the  upper  portion  of  the  cone.     Air  mixed  with  the  spray  is  carried  downward 
into  the  tank. 

Figure  8-12  shows  another  type  of  aerator  which  forces  wastewater  down  in  a  draft 
tube.     Air  mixed  with  the  wastewater  at  the  funnel  of  the  tube  is  pulled  down  and  rises 
from  the  tank  bottom  through  the  wastewater. 


Figure  8-11.     Updraft  Mechanical  Aerator 
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Figure  8-12.    Downdraft  Mechanical  Aerator 
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FINAL  SETTLING  TANKS 


Settleable  solids  settle  In  the  final  settling  tank.     Return  sludge  and  waste 
sludge  are  pumped  from  the  bottom  of  the  tank.     The  final  settling  tank  Is  not  a  storage 
tank  or  dlgestor  for  solids.     It  Is  used  only  to  separate  the  liquid  and  solid  by 
settling  and  to  let  the  sludge  compact  before  It  Is  removed.     The  final  settling  tank 
may  have  a  surface  skimmer  to  remove  floating  solids  and  scum.     The  final  settling  tanks 
require  about  one  or  two  hours  of  detention. 

NOTE:     For  additional  Information  on  activated  sludge,   read  AFM  91-32,  Chapter  7 
Sections  1,2.  ' 

EXERCISE  IV-8-8d 

INSTRUCTIONS 

Using  SW  J3ABR56631  OOOO-IV-8  or  AFM  91-32,   complete  the  following  statements. 

1.  A  well  run  activated  sludge  system  can  remove  as  much  as    of  the  BOD 

and  suspended  solids  in  the  wastewater.  '  

2.  The  sludge  from  the  final  clarifier  which  is  sent  back  to  the  aeration  tank  is 
called   

3.  In  the  activated  sludge  system,  solids  are  controlled  either  by  or 
by  sludge. 

4.  The  dissolved  oxygen  in  tire  aeration  tank  should  be  kept  between    and 

 mg/L. 

5.  Odor  like  that  of  rotten  eggs  often  comes  from   

6.  Describe  a  high  quality  activated  sludge. 


7.  Name  the  two  general  aeration  methods  used  for  the  activated  sludge  process 
  and  . 

8.  )^ctlvated  sludge  absorbs  and  adsorbs    and 

I  . 

/Activated  sludge  is  considered 

'  treatment  of  wastewater.   


10.     It  takes  about    to    minutes  for  the  activated  sludge  to  adsorb 

and  absorb  the  solids  in  the  wastewater. 


PROGRESS  CHECK 

You  should  be  ready  for  the  progress  check.  if  you  feel  you  need  to  review  some  of 
the  previous  instruction,  do  so.  The  progress  check  is  prepared  as  a  separate  publica- 
tion and  controlled  by  the  instructor.  You  must  do  the  progress  check  under  instructor 
supervision  and  complete  it  prior  to  leaving  for  the  day. 
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INFORMATION 


Conventional  Activated  Sludge  Units 

A  conventional  activated  sludge-  83  stem  is  very  similar  to  a  trickling  filter  type 
plant.     It  has  preliminary  and  primary  treatrjent  units.    Put  in  place  of  the  trickling 
filters  there  are  aeration  tanks.    The  sludges  produced  in  this  sytem  are  still  very 
unstable  and  require  further  treatment.    They  need  to  go  to  some  type  of  digestor, 
either  aerobic  or  anaerobic. 

Submerged  Contact  Aeration 

Contact  aeration  in  an  aerobic  process.     It  consists  of  passing  settled  raw  waste- 
water through  tanks  that  have  plates  of  asbestos  cement  or  other  impervious  materials. 
The  surfaces  of  these  materials  become  covered  with  zoogleal  film  of  aerobic  organ:'. sms. 
Air  to  support  this  organic  life  is  blown  through  diffuser  tubes  or  pipes  under  the  con- 
tact media.    The  action  is  similar  to  the  action  in  a  trickling  filter  where  biological 
life  forms  on  the  stones  instead  of  plates. 

A  flow  diagram  o*  two-stage  contact  aeration  plant  is  shown  in  Figure  8-13.  Single- 
stage  aeration  is  generally  used  for  partial  treatment  only.    Each  aerator  is  divided  by 
an  overflow  dividing  the  wall  into  two  sections  and  operated  in  series.     Each  plant  has 
air  blowers  and  accessories  for  compressing  air  and  bloring  it  through  the  diffuser  or 
pipe  system.    Facilities  for  sedimentation  and  sludge  digestion  are  similar  to  those 
used  in  other  treatment  processes.    Low'-head  pumps  and  pipes  for  recirculating 
second-stage  aerator  effluent  to  first-stage  influent  are  often  used  to  improve  plant 
effluent  and  keep  odors  down. 
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Figure  8-13.     Flow  Diagram  of  Contact  Aeration  Plant 

The  biological  action  in  the  contact  aerator  is  the  same  as  that  in  the  trickling 
filter  where  organisms  form  a  film  on  stones  instead  of  plates.     Biological  life  is  also 
suspended  in  the  liquor.    Aerators  which  do  not  work  right  will  have  organisms  that 
cause  septic  act ion »  such  as  those  commonly  found  in  digesters  and  other  anaerobic 
processes.    Sulfur  bacteria  are  more  numerous  in  contact  aerators  than  in  most  other 
secondary  treatment  units.    When  dissolved  oxygen  is  used  up  and  an  anaerobic  condition 
starts,  aerators  produce  considerable  amounts  of  hydrogen  sulfide  which  will  cause 
odors. 

For  best  operation,  an  aerobic  condition  must  be  kept  in  all  unite  following  the 
primary  settling  tank.     Air  distribution  must  be  efficient,  plate  growths  must  be 
renewed  at  intervals,  and  sludge  in  units  following  the  primary  settling  tank  must  not 
be  allowed  to  become  septic. 
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Contact  aera";ion  requires  the  screening  out  of  floating  and  suspended  organic  matter 
to  protect  contact  surfaces.     Grease  and  scum  must  also  be  removed  to  keep  them  from 
coating  the  surfaces  and  interfering  Fith  the  activity  in  the  aerator.     Primary  settling 
tanks  are  usually  used  for  this  purpose. 

Recirculation 

There  is  not  always  a  need  for  recirculation  in  contact  aeration  except  for  odor 
control  at  full  load.     The  effluent  from  the  second  stage  aerator  has  the  highest 
concentration  of  dissolved  oxygen  and  aerobic  organisms.     When  this  liquid  goes  back  to 
the  inlet  of  the  first  stage  aerator,  this  concentration  of  dissolved  oxygen  helps  to 
meet  the  initial  high  oxygen  demand  and  the  returned  organisms  seed  the  mixed  liquor  and 
the  film  growth  on  the  coDt°^t  plates.     This  recirculation  usually  stops  odors  and  gives 
a  better  treatment. 

Contact  Stabilization 

The  contact  stabilization  process  takes  advantage  of  the  short  time  necessary  for 
the  activated  sludge  to  adsorb  and  absorb  solids.     The  wastewater  first  flows  to  a 
mixing  zone  or  contact  chamber.     Here  it  is  mixed  with  the  activated  sludge.  The 
detention  time  for  this  tank  is  about  20  to  40  minutes.     From  here  it  goes  to  the 
settling  zone  where  the  activated  sludge  along  with  the  solids  will  settle.     Next  the 
water  will  flow  to  the  chlorine  contact  chamber  and  then  to  the  plant  effluent.  From 
the  settling  tank  the  solids  will  go  to  a  reaeration  or  sludge  activation  zone  for  7  or 
8  hours.     In  the  reaeration  zone  the  solids  are  broken  down  by  the  bacteria.  The 
activated  sludge  now  needs  more  food  and  is  put  back  in  the  mixing  zone.     When  there  is 
an  excess  of  solids  they  can  be  drawn  to  an  aerobic  digestor. 


Aeration 
Tank 


Mixed  Liquor 


Flow 


Return  Activated  Sludge 


Aerobic 
Digester 


Settling 
Tank 


Wastewater 


Settled 
Activated  Sludge 


i 


Reaeration 
Tank 


Waste 
Activated  Sludge 


Flow 


Chlorine 
Contact 
Tank 


Figure  8-14.     Contact  Stabilization  Unit 
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Extended  Aeration 

Extended  aeration  package  plants  are  variations  of  activated  sludge  plants  and  are 
often  used  for  low  daily  flows.     They  do  net  usually  have  a  primary  clarifier  or  separ- 
ate sludge  digestion  units.     The  raw  wastewater  only  goes  through  screening  and/or  grit 
removal  before  entering  the  aeration  tank.     In  the  aeration  tank  the  raw  wastewater  is 
mixed  with  return  activated  sludge  from  the  settling  tank  to  form  mixed  liquor  which  is 
aerated  and  mixed  for  about  24  hours.     From  the  aeration  tank,  the  mixed  liquor  flows 
into  the  settling  tanks.     It  will  stay  in  the  settling  tank  for  about  1.5  to  2  hours. 
Each  unit  may  consist  of  either  tro  tanks,  or  two  parts  in  a  single  tank.     The  suspended 
solids  settle  out  of  the  wastewater  in  the  settling  tank.     The  solids  are  returned  to 
the  aeration  tank  and  called  "return  sludge."    The  clear  liquid  at  the  top  of  the 
settling  tank  wil  be  the  plant  effluent.     The  extended  aeration  plant  can  remove  up  to 
95^  of  the  D.O.D.  and  suspended  solids. 


A  rotating  biological  reactor  is  a  fixed  film  biological  treatment  system  using 
rotating  plastic  media.     The  media  provides  a  surface  on  which  microorganisms  attached 
themselves  and  grow. 


The  reactor  media  are  typically  fabricated  from  sheets  of  high-density  polyetftylene. 
The  sheets  are  bonded  and  assr^mbled  onto  horizontal  shafts  u^;  to  25  ft,   long.  The 
spacing  between  the  sheets  act  as  the  area  for  the  distribution  of  wastewater  and  air. 
The  organisms  that  are  present  naturally  in  the  wastewater  begin  to  adhjere  to  the 
rotating  surface  and  multiply  until  in  approximately  1  or  2  weeks,  the  entire  wetted 
surface  area  becomes  covered  with  a  thick  biomass  growth. 


The  reactor  is  submerged  a  little  less  than  halfway  in  the  wastewater.     As  the 
reactor  rotates,  it  carries  the  wastewater  up  through  the  reactor  and  absorbs  oxygen 
from  the  air.    Organisms  in  the  biomass  then  remove  both  DO  and  organic  materials  from 
this  trickling  film  of  wastewater.     More  removal  of  DO  and  organic  materials  occurs  as 
the  media  continL^es  to  rotate  through  the  bulk  of  the  wastewater  in  the  tank.     The  speed 
of  the  reactor  is  1-2  rpm. 

As  the  reactors  pass  through  the  wastewater,  some  of  the  biomass  is  stripped  from 
the  plastic  medium  into  the  mixed  liquor.     This  prevents  clogging  of  the  medium  surfaces 
and  maintains  a  constant  microorganism  population.     The  rotation  of  the  reactor  keeps 
the  stripped  solids  in  suspension  until  the  flow  of  treated  wastewater  carries  them  out 
of  the  process  for  separation  and  disposal. 

The  biological  process  of  the  rotating  biological  reactors  should  be  preceded  by 
some  form  of  pretreatment  or  primary  settleable  solids  removal  equipment*     Without  this 
equipment  it  may  settle  in  the  tanks  beneath  the  media,  and  reduce  the  effectiveness  of 
the  treatment.     If  this  does  occur »  it  will  produce  a  septic  condition  and  scour  biomass 
from  the  disks.     Once  the  wastewater  leaves  the  process  the  biological  solids  must  be 
separated  and  processed  as  sludge.     Solids  separation  is  normally  accomplished  in  a 
conventional  final  settling  tank. 


NOTE:     Read  the  following  for  additional  information  on  various  types  of  activated 


sludge  systems:     AFM  91-32»  Chapter  6,  Rotating  Biological  Contactors,  Sections 
1,  2,  3,  4, para  6.1.1.  thru  6.4.3;  Chapter  7,  Activated  Sudge  (AS),  Section  6, 
Par^.  7.6.1  to  7.6.7;  Chapter  8,  Oxidation  Ditch,  Section  1  thru  7,  para  8.1.1 
thru  8.7.5;  Chapter  9,  Extended  Aeration  (EA)  and  Contact  Stabilization  (CS) 
Package  Plants,  Section  1,  2,  and  3,  para.  9.1.1.  to  9.3.6.5. 
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INSTRUCTIONS 


EXERCISE  lV-8-8e 
PART  1 


using  SW  J5ABR56631  OOO-IV-8  and  AFM  91-32,  complete  the  following  statement. 
1.      Contact  aeration  uses  a  biological  action  similar  to  what  other  unit? 


2.       In  contact  aeration,  what  does  the  biological  film  grow  on? 


3.  If  a  hydrogen  sulfide  odor  Is  coming  from  the  aerator,  what  would  be  your 
diagnosis?   

4.  In  contact  stabilization  plants  the  wastewater  first  enters  the 


In  contact  stabilization,  the  mixture  of  wastewater  and  return  sludge  flows  from 
the  f^lxlng  zone  to  the 


PART  2 

INSTRHCTIONS 


IdenJffJ'thLf'''^''''''  ""^^^         following  terms  to  those  which 


_1.     Secondary  treatment  based  on  return  of  a  aerobic 

solids  from  final  settling  tank  to  aeration 
tank. 

_2.     Activated  sludge  uses  what  type  of  kludge 
ba cterla • 

,3.     Is  made  up  of  an  assembly  of  turning  discs  ^"""'"^  stabilization 

which  are  coverd  by  a  thin  growth  of  micro- 
organisms. ^      ^  , 

a.  Conventional 

4.     Use  primary  treatment  followed  by  one 

^fmef^"""  ^^"^  """^  ®  ^"""^  detention  e.     Extended  aeration 


Very  short  detention  time  for  wastewater. 

_6.     All  solids  kept  under  aeration  for  several 
days. 

T>ROGRESS  CHECK 


RBC 


You  should  be  ready  for  the  progress  check.     If  you  feel  you  need  to  review  c,omP  nf 
the  previous  instruction,  do  so.     The  progress  check  is  prepared  Ts  a  seDaraJrnubT^^ 
tion  and  controlled  by  the  Instructor.     You  must  do  the  ?rogreS  cLck  under  !nstJJc^^^ 
supervision  and  complete  it  prior  to  leaving  for  the  dayf  Instructor 


o 
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Plant  Operation 

Extent  of  purification  depends  on  the  right  control  and  adjustment  of  the  biologi- 
cal process*    Plant  operators  must  find  the  best  operating  range  of  all  factors  involved 
by  systematic  trial  and  establish  procedures  by  study  and  observation  to  meet  variable 
conditions.     These  factors  include  the  following:. 

Concentration  of  solids  in  mixed  liquor. 

Settling  rate  of  mixed-liquor  solids* 

Volume  of  sludge  return* 

Concentration  of  solids  in  return  sludge. 

Quantity  of  air  required  for  various  loadings. 
MAINTAINING  SYSTEMS 
Aeration  Tanks. 

You  should  observe  the  aeration  tanks  for  odors,  colors,  uneven  mixing  patterns  and 
foam.     If  the  D.O.  is  not  maintained  at  a  sufficient  level  anaerobic  conditions  may 
occur.     Along  with  this  will  be  a  rotten  egg  odor*    The  aeration  tank  will  normally  have 
a  Vrown  to  dark  brown  color,  depending  on  the  amount  of  solids.    Black  or  dark  gray 
color  is  caused  by  septic  or  anaerobic  conditions*     This  is  often  caused  by  under- 
aeration*     If  an  aeration  tank  appears  to  have  less  mixing  than  another,  either  adjust 
the  air  level  or  clean  diffusers.    Check  for  any  problems  which  may  cause  "dead**  spots 
in  tbe  aeration  tanks.    D.O.  levels  of  less  than  0.5  mg/L  means  that  aeration  should  be 
increased.     A  large  amount  of  white,  sudsy  foam  in  the  aeration  tank  may  indicate  either 
a  very  young  sludge  age  or  a  detergent  in  the  system.    Decreasing  the  waste  sludge  rate 
or  not  wasting  any  sludge  for  awhile  should  get  rid  of  the  foam  if  the  problem  is  young 
sludge.     A  dense,  scummy  dark  tan  to  brown  foam  of  this  type  often  means  that  the  sludge 
has  been  over-oxidized*     This  is  also  called  an  **old  sludge.**    This  situation  can  be 
corrected  by  increasing  the  amount  of  sludge  wasted  to  20%  each  day  until  the  scum  stops 
building  up. 

Operation  of  Contact  Aerators 

The  exact  operation  of  all  contact  aeration  plants  cannot  be  given  in  one  hard  and 
fast  set  of  rules  since  each  plant  is  different*     The  following  procedures  should  be 
used  when  operating  a  contact  aeration  plant* 

When  a  contact  aerator  is  placed  in  operation  or  put  back  in  service  after  the 
plates  have  been  cleaned,  apply  the  primary  effluent  at  a  rate  of  not  more  than  25 
percent  of  the  normal  flow.     Sufficient  quantities  of  air  must  be  diffused  into  the 
aerator  to  form  a  heavy  growth  on  the  plates.    When  a  dissolved  oxygen  concentration  of 
1  p*p.m.  is  obtained  in  the  first  stage,  gradually  raise  the  flow  and  air  input  until 
you  get  full  flow,  keep  the  D.O*  of  1  p*p.m.  and  3  p. p.m.  respectively*    Air  valves 
should  be  set  to  send  approximately  two-thirds  of  the  air  to  the  primary  aerator.  If 
adequate  D.O.  concentrations  can  be  kept,  one  or  more  blowers  can  be  cut  off  during  low 
flows* 

Blake  sure  air  is  distributed  evenly  through  the  contact  area  of  the  tank,  and  air 
pressure  readings  should  be  recorded.     Air  bypassing  any  part  of  the  contact  surface 
will  cause  dead  spots  and  anaerobic  growths.     Clogged  holes  in  the  air  distribution  grid 
are  stopped  by  blowing  out  the  grid  daily.     At  plants  with  overhead  air  distribution, 
drop  pipes  can  be  disconnected  at  the  union  for  removal  and  cleaning  of  perforated  pipe. 

Note  and  record  growth  characteristics  on  contact  plates.    For  this  purpose,  remov- 
able observation  plates  of  asbestos  cement  are  placed  in  each  of  the  aeration  sections 
between  the  contact  plates.     The  color  of  the  growth  shows  its  oxidizing  power;  a  brown 
thin  film  is  best  with  a  grayish  thin  film  next*     A  black  film  or  any  underlying  black 
portions  show  a  septic  action  which  is  bad.     An  odor  of  hydrogen  sulfide  (rotten  egg) 
will  also  tell  you  that  a  septic  action  is  taking  place  in  the  process.     The  heavy 
growths  or  biologically  de9jd  or  inactive  film  must  be  cleaned  off  of  the  contact  plates. 
Once  these  organisms  die,  xhey  are  no  longer  of  any  use.     They  are  then  removed  from  the 
contact  plates  with  high  pressure  air. 


8-23 


81 


Aeration  Tanks 


Aeration  tanks  are  construction  of  reinforced  concrete  or  steel  and  are  left  nr>^n  <■« 
the  atmosphere      The  total  aeration  tank  volume  required  shoild  bldrnded  aioJg  To  or 
Sut?«t"^*L^*P:t"^°^  independent  operation.     Individual  tanks  should  have  Inlet  lid 
tlllil.^  ^  removed  from  service  for  inspection  and 

<  *°        aerated  with  diffused  air,  the  proportioning  of  the  tank  mav 

significantly  affect  the  aeration  efficiency  and  the  amoSnt  of  mixing  obtained  Snlels 
the  type,  number,  and  location  of  diffusers  are  properly  chosen.  ""<-'^i"«"  uniess 

h«1-_I2n®?n"^®^^S^®^''^  °*         diffusers.  the  depth  of  sewage  in  the  tank  should  be 
5^4^!?%}^         <^  ?®  '^'^^^  °*  ^"'^  i°  relation  to  its  depth  is  important  if 

1  to  1  to  2  to  1.     This  limits  the  width  of  a  tank  channel  to  between  15  and  33  feet 
For  tanks  using  diffusers  on  both  sides  or  with  diffusers  in  the  center  of  the  tank 
tank^  TiSJ'^H  T  P^f'-i^sible.     The  important  point  is  to  restrict  the  SidJh  of  ?Se 
tank  so  that  dead  spots  or  zones  of  inadequte  mixing  can  be  avoided. 

Adjusting  Aeration  Tanks.    Aeration  periods  of  eight  hours  for  diffused  aeration  and 
12  hours  for  mechanical  aeration  are  best.     Adjustment  to  conform  to  facSs  SiscusLd 
™?;:taf!?f^rHH^'^?*  operation     In  mechanical  aeration  tanks  at  smaU  instJuaJioSs? 
maintaining  dissolved  oxygen  in  first  stage  of  aeration  is  often  difficult.  Small 
diffaser  units  are  used  to  boost  the  oxygen  supply. 

RATE  OF  RETDRN.     The  volume  of  activated  sludge  returned  from  final  settling  tanks 
to  aeration  tanks  will  normally  range  from  20  to  40  percent  of  the  raw  wfltewa?lr  fJoJ 
A  high  rate  of  return  reduces  the  aerator  detention  ?ime  but  it  keejs  the  stuSglfJesh* 
and  it  may  return  needed  dissolved  oxygen  to  the  aerator  inlet.    A  low  rate  of  retS?? 
will  raise  the  aerator  detention  time.    This  low  return  rate  is  feasible  when  tSrslCdge 
has  a  low  rate  of  oxygen  use  and  does  not  readily  turn  septic.    A  high  return  slSdee 
concentation  is  obtained  with  low  return  rate.  Bepiic.     a  nign  return  sludge 


Secondary  Clarifier. 


L''  P^^°*  effluent  and  looking  at  the  final  clarifier  surface,  the 

'll    'l^J^I"  process  changes  are  needed.    The  effluent  from  a  final  settling 
J^Shir       ^'^^^^^^'l  «l"dge  plant  should  be  clear  and  almost  free  of  suspended  s^tids 
Jr^  tL  l^.r  bulking  sludge.     This  means  that  the  solids  do  settlfwell 

llTr  III  disch"rgl°Sli?  '°  °* 
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Figure  8-18.     Curves  Showing  Conditions  of  Activated  Sludge 

Tests.     Control  tests  for  mixed-liquor  and  return  sludge,  suspended  solids,  and 
settled  volume  are  made  daily  or  preferably  once  each  shift. 

DISSOLVED  02*     Although  most  of  the  oxygen  dissolved  in  the  mixed  liquor  during 

aeration  is  used  by  the  activated  sludge,  it  is  only  two  to  five  percent  of  the  oxygen 

supplied  to  the  tanks.     Air  requirements  are  governed  by  B.O.D.  loading,,  quality  of 
sludge,  and  solids  concentration  of  mixed  liquor. 

Control •     In  diffused  air  plants,  air  application  is  usually  controlled  by  blower 
combinations  or  variable  output  blowers.    Air  supply  in  mechanical  plants  is  governed  by 
the  number  of  units  in  service  and  automatic  time  switches  on  each  aerator. 

Tests.     Make  dissolved-oxygen  tests  daily  or  preferably  each  shift,  on  samples  of 
the  mixed  liquor  from  the  inlet  end,  middle,  and  outlet  end  of  the  aerators.     An  inhib- 
itor is  used  in  collecting  dissolved  oxygen  samples  to  slow  down  bacterial  action  and 
oxygen  use;  otherwise,  you  will  get  low  test  results.     These  tests  show  whether  or  not 
air  supply  is  satisfactory.     If  one  p. p.m.  of  dissolved  oxygen  is  present  at  the  inlet 
and  progressively  builds  up  to  four  or  five  p. p.m.  at  the  end,  air  supply  is  right. 

Excessive  Application.     Too  much  air  will  cause  waste  and  may  cause  the  flocculent 
sludge  to  be  finely  dispersed  and  difficult  to  settle.    Much  of  it  will  pass  over  the 
settling  tank  outlet  weirs. 

AERATION  PERIOD.     Approximately  80  to  85  percent  of  wastewater  purification  takes 
place  in  the  first  hour  of  aeration.     During  the  rest  of  the  period,  sludge  is  regener- 
ated, organic  matter  stabilized,  and  sludge  conditioned  for  further  activity.  The 
sludge's  capacity  to  take  in  organic  matter  is  limited  and  regeneration  is  necessary 
before  an  additional  load  is  applied.     Activated  sludge  needs  oxygen  at  a  definite, 
measurable  rate.     It  absorbs  oxygen  from  the  water  as  rapidly  with  only  a  few  p.p.m'. 
in  solution  as  when  the  water  is  near  saturation. 
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Sludge  age 


To  detemine  the  sludge  age  or  the  average  length  of  time  the  solids  have  been  in 
the  aeration  tank  you  divide  the  pounds  of  solids  in  the  aeration  tank  by  the  pounds  of 
suspended  solids  added  each  day« 

„      weight  of  MLSS  in  aerator  

weight  of  suspended  solids  added  to  the  aerator  daily 


Mixed  Liquor  Suspended  Solids  (MLSS) 

The  suspended  solids  which  is  run  on  the  aeration  tank  mixed  liquor  is  called  the 
mixed  liquor  suspended  solids  test.     It  is  rsed  a^s  a  control  test  to  help  find  out 
whether  to  increase  or  decrease  the  rate  of  aludge  return  or  help  us  decide  when  to 
^^ste  sludge* 

MLSS  «       weight  of  dry  solids  x  1,000 
Sample  volume  (ml) 


SVI/SDI 


The  sludge  volume  Index  and  the  sludge  density  Index  relate  the  weight  of  the  sludge 
to  the  volume  it  occupies  when  it  has  settled.    Good  quality  sludge  should  have  a  SDI 
between  1.0  and  .?.5.     It  should  have  a  SVI  between  40  and  150. 

SVI  -r      '"^/l  settable  solids  (30  min) 


SDI 


'"^/l  suspended  solids 


100 

"5vT 


Microscopi  c 

An  activated  sludge  plant  will  work  best  when  certain  organisms  are  prevalent.  By 
examining  a  sample  of  the  mixed  liquor  under  a  microscope  we  can  see  If  they  are.  If 
other  organisms  are  present  they  may  forewarn  the  operator  of  problems  and  allow  him  to 
correct  them  before  they  become  serious* 
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Maintaining  Systeais 


Concentration  of  solids*     The  aeration  tank  mixed  liquor  should  have  at  least  10% 
settleable  solids  by  volume.     When  the  sludge  concentration  reaches  or  goes  above  70% 
settleable  solids  by  volume,  it  is  best  to  waste  or  remove  some  of  the  sludge.  However, 
the  concentration  in  the  aeration  tank  should,  never  be  reduced  below  10%.     The  best 
level  is  30%  to  50%.    The  concentration  of  sludge  can  be  checked  by  settleabi lity  test. 
Test  results  and  daily  checks  will  show  whether  small  amounts  of  sludge  should  be  wasted 
often  or  whether  larger  amounts  should  be  wasted  less  often* 

Aeration  Tank.    The  mixed  liquor  in  the  aeration  tank  should  appear  medium  to  dark 
brown  with  little  or  no  foem  on  the  surface.     If  the  mixed  liquor  is  dark  gray  or  black, 
the  system  may  not  have  enough  D.O.  and  could  be  septic.     In  this  case,  the  D.O.  should 
be  increas^ed  to  at  least  0.5  mg/L. 

RATE  OF  WASTE.     A  division  is  usually  used  to  split  the  flow  of  returned  sludge  from 
the  final  settling  tank  to  waste  or  to  aeration  tank  influent.     Suspended  solids 
concentration  in  the  aeration  tank  and  return  sludge  determine  when  and  how  much  sludge 
troes  to  waste;    Schedules  must  be  developed  for  wasting  sludge  in  small  amounts  each 
day,  holding  the  solids  in  the  aeration  tank  at  a  nearly  co.istant  level.     Sludge  is 
wasted  slowly  and  uniformly,  generally  during  th<^  periods  of  low  flow.    The  rate  of 
waste  sludge  is  normally  about  ten  percent  of  the  return  sludge. 

PINAL  SETTLING  TANK.     Because  settled  sludge  must  be  kept  fresh  for  return  to  the 
aeration  tanks,  the  sludge  blanket  in  the  settling  tank  is  held  to  less  than  two  feet. 
Mechanical  sludge  collection  equipment  must  be  operated  continuously.     Hoppers  are 
squeegeed  often  to  free  them  of  septic  sludge.    Hose  down  walls,  weirs,  and  channels 
each  day.     Rising  sludge  which  is  black  on  the  underside  shows  that  sludge  is  sticking 
on  the  walls  or  floors;  these  areas  must  be  kept  free  of  accumulated  sludge. 

Operating  Difficulties 

Operating  difficulties  are  usually  one  or  a  combination  of  three  conditions;  the 
presence  of  oil  or  grease;  bulking  sludge;  and  disposal  of  supernatant  from  the 
digester. 

OIL  AND  GREASE.     Oil  and  grease  from  mess  halls  or  laundry  wastes  harm  bacteria 
growth  in  the  aeration  tanks.     The  sources  of  grease  and  oil  are  eliminated  by  proper 
cleaning  of  grease  traps  and  oil  interceptors.    Primary-settling  tanks  are  kept  skimmed 
off. 

BULKING  SLUDGE.     A  sudden  loss  of  sludge  density  shown  by  poor  settling,  passage  of 
floe  through  the  final-settling  tanks,  and  increased  sludge  index  is  known  as  bulking. 
It  occurs  in  two  forms:     A  large  diffused  floe  resulting  from  loss  of  biological  balance 
and  a  light  floe  containing  sphaerotilus,  a  microscopic  threadlike  fungus  growth. 
Bulking  may  be  caused  by  the  following:     Solids  concentrations  in  the  aeration  tank  too 
high  or  too  low,  low  air  supply,  short  aeration  period,  and  sudden  heavy  loads  on  the 
systen  such  as  a  heavy  dose  of  strong  digester  supernatant  or  an  overload  of  stale  or 
septic  wastewater  solids  flushed  to  the  plant  by  rains  after  a  long  dry  spell,  waste- 
water abnormally  high  in  organic  solids,  especially  sugars  and  starch,  or  fungus  accumu- 
lations from  the  sanitary  sewer  system  may  likewise  cause  bulking  sludge. 

When  bulking  results  in  septic  aeration  units,  you  may  need  to  waste  the  sludge  and 
redevelop  a  good  floe.     In  the  early  stage  of  bulking,  reconditioning  is  aided  by 
increasing  sludge  return  and  amount  of  air.     Fungus  growths  can  usually  be  controlled  by 
chlorinating  the  return  sludge  in  dones  of  1.0  to  8.0  p. p.m. 

Rising  sludge  in  f inal-settlinp  tanks  is  usually  caused  by  an  excessive  retention 
period  which  forms  gas  which  (in  turn)  lifts  the  sludge  in  chunks.     Increasing  the 
sludge  return  rate  to  lower  the  sludge  blanket  stops  the  trouble.     This  condition  may 
also  be  caused  by  nitrification  br^^ught  on  by  excessive  aeration. 
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KFFRCT  OF  niGKSTER  SUPERMAtanT.     Digester  supernatant  disposal  in  the  activated 
sludee  plant  is  troublesome,  especially  wfien  the  digester  is  not  working  well.  Super- 
natant is  usually  returned  to  the  plant  influent  where  it  passes  through  the  entire 
plant  process.     Being  well  seeded  with  the  organisms  of  anaerobic  digestion,  it  tends  to 
Increase  the  septic  action  in  the  settling  units.     Tf  discharged  intermittently  while 
the  sludge  is  being  pumped,  it  throws  a  big  load  on  the  secondary  process.     If  the  mixed 
liquor  IS  not  in  condition  to  take  this  load,  the  sludge  soon  turns  gray  and  septic. 

Supernatant  is  returned  as  uniformly  as  possible. 

Returning  it  directly  to  the  aerator  often  eliminates  the  difficulties. 
Returning  it  to  the  aerator  during  low  loadings  s<..Tietimes  is  successful. 


If  the  supernatant  is  returned  intermittently,  the  solids  in  the  mixed  liquor  must  be  in 
condition  to  receive  it  (higher  1     concentration).     The  D.O.  must  be  watched  with  care 
and  Increased  during  the  period  if  necessary. 

Sludge  should  be  drawn  from  Intermediate  and  final  settling  tanks  at  four-hour 
intervals  and  returned  to  the  raw  wastewater  flow.     To  avoid  septic  conditions,  squeegee 
sludge  from  the  hoppers  each  day. 

Wash  down  walkways  and  brush  influent  and  effluent  channels  each  day. 

If  two  or  more  1 ntermerilate  settling  tanks  are  used,  keep  only  enough  tanks  in 
service  to  provide  1-1/2  hours  detention  time  at  the  average  dally  rate  of  flow. 

Dissolved  oxygen  concentrations  in  the  effluent  from  each  aerator  section  and  in 
intermediate  and  fl.ial  settling  tank  effluents  should  be  checked  each  shift.     The  R.O.D. 
and  suspended  solids  test  on  composite  samples  of  raw  wastewater  and  of  primary,  inter- 
mediate, and  final  effluents  should  also  be  nade. 

Proper  Concentration.     The  concentration  of  mixed  liquor  solids  for  best  operation 
under  all  conditions  must  be  found  for  each  plant  by  trial.     Aeration  solids  concentra- 
tions of  1,200  to  3,000  p.p.m,  in  dlffused-alr  plants  and  500  to  1,200  p. p.m.  in 
mechanical  plants  are  usual,  but  they  may  be  varied  to  suit  seasonal  or  plant  load 
conditions. 


INFORMATIOM 

NOTE:     Read  AFM  91-32,  AFM  91-32,  Chapter  7,  Activated  Sludge  (AS),  Sectl 
para  7.2.1  thru  7.2.6.4,  6.4  thru  7.5.5. 
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p:XERCISE  TV-R-8f 

IN^?TRtJCTIONR 

Using  AFM  91-32,  chapter  7  complete  the  following  statements. 
1.      The  main  unit  In  the  activated  sludge  process  is  the   


2.       With  the  diffused  air  system 
bottom  of  tank  near  one  side." 


Is  forced  Into  the 


3*      Pfechanlcal  aeration  devices  may  have  a 


or 


bridge. 


4.      Forced  air  supply  equipment  consists  of 


and 


valves  are  used  to  protect  the  equipment  from  too  much  pressure. 


5.      Centrifugal  blowers  often  have 
or  lobes  to  move  the  air. 


fi.       The  final  settling  tank  nay  have  a  surface  skimmer  to  remove 

and 


7.      The  operator  should  observe  the  aeration  tanks  for 


and  foam. 


8.       If  the  plant  is  working  right,   it  will  smell 


9. 


colors. 


may  cause  the  mixed  liquor  to  take  on  other 


10.     Organic  overloads  may  use  all  the 
to  become 


and  cause  the  aeration  tank 


PROGRESS  CHECK 

You  should  be  ready  for  the  progress  check.  If  you  feel  you  need  to  review  some  of 
the  previous  instruction,  do  so.  The  progress  check  is  prepared  as  a  separate  publica- 
tion and  controlled  by  the  instructor.  You  must  do  the  progress  check  under  instructor 
supervision  and  complete  it  prior  to  leaving  for  the  day. 


NOTE:     Read  AFM  9.1-32,  Chapter  7,  Activated  Sludge  (AS),  Section  3,  para.  7.3.1  thru 
7.3.10. 
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INFORMATION 

Field  trip  to  municipal  wastewater  treatment  plants. 

EXERCISE  IV-8-8g 
PART  1 

INSTRUCT IONS 

Complete  this  exercise  while  on  Field  Trip.  List  the  safety  items  that  were 
observed. 

Burkburnett  - 
1. 

2. 

Iowa  Park  - 
1 . 

2. 

Klectra  - 
1. 


PArtT  2 

INSTRfJCTIONS 

Using  the  schematics  of  the  municipal  wastewater  treatment  plants  provided  to  you, 
complete  each  one  by  the  end  of  the  Field  Trip. 


PROGRESS  CHECK 

Ycu  c^iOuld  be  ready  for  the  progress  check.  If  you  feel  you  need  to  review  some  of 
the  previous  Instruction,  do  so.  The  progress  check  Is  prepared  as  a  separate  publica- 
tion and  controlled  by  the  instructor.  You  must  do  the  progress  check  under  instructor 
supervision  and  complete  it  prior  to  leaving  for  the  day. 
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EXERCISE  IV-8-8h 

INSTRUCTIONS 

Using  AFM  91-32,  Chapter  7,  Section  3,  complete  the  following  statements. 

1.      The  sludge  blanket  should  not  be  allowed  to  rise  above    the  depth 

of  the  final  clarlfler. 

?.      If  solids  are  not  wasted,    or   they  will  be 

discharged  In  the  effluent. 

3.  F/M  ratios  and  sludge  age  are  often  used  to  test  for  the  right  amount  of   

In  the  system. 

4.  Sludge  Volume  Index  (SVI)  and  Sludge  Density  Index  (SDI)  show  the  amount  of 
  produced  and  the  way  the  sludge  will   . 

5.  Knowing  the  sludge  return  rate  will  help  the  operator  keep  the  right  amount  of 
  In  the  aerator  mixed  liquor. 

PROGRESS  CHECK 

You  should  be  ready  for  the  progress  check.  If  you  feel  you  need  to  review  some  of 
the  previous  instruction,  do  so.  The  progress  check  Is  prepared  as  a  sepai'ate  publica- 
tion and  controlled  by  the  Instructor.  You  must  do  the  progress  check  under  Instructor 
supervision  and  complete  It  prior  to  leaving  for  the  day. 

INFORMATION 

Read  AFM  91-32,  Chapter        Rotating  Biological  Contactors,  Section  3,  Trouble- 
shooting Guide;  Chapter  7,  Activated  Sludge  (AS),  Section  5,  Troubleshooting  Guide; 
Chapter  8,  Oxidation  Ditches,  Section  7,  Troubleshooting  Guide;  Chapter  9,  Extended 
Aeration  (EA)  and  contact  stabilization  (CS)  Package  Plant,  Section  3,  Trouble- 
shooting Guide. 
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EXERCISE  IV-B-Rl 
PART  1 


IMSTPnCTION 


n,.^?^^"^  ^™  Chapter  7.  Troubleshooting  Guide,  match  the  indicator  with  the 

iiK6iy  cause* 


Indicator 

1.     Septic  condition  in  primary  clarifier. 


^2.     White  fluffy  foam  in  aeration  tank. 


^3.     Hydrogen  sulfide  (Hr,S)  odor  around 
aeration  tanks. 


Likely  Cause 

a.     Septic  anaerobic 
condl t j  on 

b-     Detention  time  too 
long. 

c.     Not  enough  suspended 
solids  in  the  tank. 


PART  2 


INSTRUCTIONS 


wlth^'t^e^^S^y^iuse^^^^        ^'  Section  3,  Troubleshooting  Guide,  match  the  indicator 


Indicator 

_1.     Fluffy,  poor  settling  sludge  in  the 
settling  tank. 

_2.     pH  not  in  right  range  -  about  6.5  to  8.5. 

_3.     Bubbles  rising  in  the  clarifier. 


_4.     Unusual  vibration  in  the  skimming  device  or 
air  lift  pump. 

Sludge  not  being  pumped  by  air  lift  pump. 


Likely  Cause 

a.  The  air  lift  pump  Is 
clogged 

b.  Improper  aeration 

c.  Concentrated  Industrial 
waste 

d.  Septic  condition 

e.  Breakdown  of  unit,  out 
of  adjustment 


PART 


INSTRUCTIONS 


wlth^Jhe^llkely^Suse?^"^^^        ^'  Section  7,  Troubleshooting  Guide,  match  the  indicator 


Indl cator 

_1 .     Ed/lies  OS  quiet  areas  in  the  ditch. 

_2.     Rotor  unit  not  working. 

_3.     Rotor  unit  noisy,  vibrating  or  heating. 

_4.     Irregular  Jerking  motion  of  the  clarifier 
sludge  collection  device. 

_5.     High  level  of  sludge  in  the  clarifier, 
solids  passing  over  the  discharge  weir- 


Likely  Cause 

a.  Worn  or  damaged  speed 
reducer 

b.  Wrony  sludge  return  rate 

c.  Abrupt  bends  at  ends  of 
ditch 

d.  Over  or  under  lubricated 

e.  Failure  of  electrical 
controls 
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PART  4 


IN.STRTTCTIONS 

Using  AFM  91-32,  Chapter  6,  Section  3,  Troubleshooting  Guide,  match  the  indicator 
with  the  likely  cause. 


Tndi  cator 
1.     Loss  of  biomass. 


2.     Decreased  efficiency  (BOD  and  suspended 
solids) 


Cause 

a.     Low  wastewater  temperature 
below  55*F 


b.     Organic  overload  sustained 


3.     Large  areas  of  white  biomass  on  the  RBC 
media. 


c.     Grit  removal  unit  not 
working  right 


Plant  effluent  too  high  in  BOD  and 
suspended  solids. 


d.     Toxic  substance  in 
wastewater 


Buildup  of  solids  in  the  RBC  compartments 
(tanks) . 


e.     Sep  ic  wastewater  high 
in  hydrogen  sulfide 
(H.5S)  content 


PROGRESS  CHECK 

You  should  be  ready  for  the  progress  check.  If  you  feel  you  need  to  review  some  of 
the  previous  instruction,  do  so.  The  progress  check  is  prepared  as  a  separate  publica- 
tion and  controlled  by  the  instructor.  You  must  do  the  progress  check  under  instructor 
supervision  and  complete  it  prior  to  leaving  for  the  day. 


8-33 

S2y 


INFORMATION 

This  objective  will  be  covered  using 


the  wastewater  trainer. 


EXERCISE  IV-8-8J 

INSTRUCTIONS 


Using  the  wastewater  treatment  trainer,  a  checklist  and  a  schematic  of  a  wastewater 
plant,  correctly  locate  the  valves  that  control  each  process. 


PROGRESS  CHECK 

You  should  be  ready  for  the  progress  check.  If  you  feel  you  need  to  review  some  of 
the  previous  instruction,  do  ec.  The  progress  check  is  prepared  as  a  separate  publica- 
tion and  controlled  by  the  instructor.  You  must  do  the  progress  check  under  instructor 
supervision  and  complete  it  prior  to  leaving  for  the  day. 


SUMMARY 

Secondary  treatment  of  waste  water  isr  a  further  decomposition  from  the  primary 
treatment.    There  are  several  units  that  can  be  used  in  the  secondary  treatment  process. 
You  may  find  some  plants  using  all  or  a  part  of  them. 

Trickling  filters  are  made  up  of  circular  or  rectangular  tanks  filled  with  rock. 
Primary  effluent  is  sprayed  over  the  rock  and  bacterial  action  further  reduces  the  waste 
products. 

Oxidation  ponds  are  the  simplest  form  of  treatment.    Under  certain  conditions  they 
offer  economical  treatment  and  disposal.    Their  use  is  suited  to  warm,  dry  climates. 

In  the  activated  sludge  process,  air  is  mixed  with  the  wastewater  in  an  aeration 
tank.     Since  aerobic  bacteria  are  used,  then  air  is  necessary  for  them  to  live.  Regula- 
tion of  the  air  supply  is  very  important  to  the  activated  sludge. 

Contact  aeration  is  basically  an  aerobic  biological  process.     It  consists  of  passing 
settled  raw  wastewater  through  aeration  tanks.     Air  to  support  organic  life  is  blown 
through  perforated  pipe.    Biological  action  is  similar  in  some  respect  to  that  in 
trickling  filters. 


REFERENCE 

AFM  91-32,  Operation  and  Maintenance  of  Domestic  and  Industrial  Wastewater  Systems 
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TERTIARY  (ADVANCED)  TREATMENT 


Given  a  list  of  incomplete  statements  and  a  list  of  terms  and  phrases  related  to 
advanced  wastewater  treatment,  select  the  correct  term  or  phrase  that  pertains  to  each 
statement*     Seven  of  the  ten  selections  must  be.  correct* 

Given  information  and  a  troubleshooting  guide  and  four  problems,   list  one  corrective 
operational  or  maintenance  procedure  for  a  phosphate  tank,  denitrifi cation  unit  and 
carbon  filter  lAW  AFM  91-32*     Two  of  the  four  procedures  must  be  correct* 

INTRODUCTION 

Much  has  been  written  over  a  period  of  many  years  about  the  need  to  control  pollu- 
tion*    More  recently,  there  has  been  a  rapid  rise  in  interest  in  treating  wastewaters 
for  more  direct  and  deliberate  reuse*     The  advanced  waste  treatment  research  program  of 
Public  Health  Service  has  begun  to  develop  and  demonstrate  practical  means  of  treating 
municipal  wastewater  and  other  waterborne  wastes  to  remove  the  maximum  amounts  of 
pollutants*     The  purpose  of  this  is  to  restore  and  maintain  the  nation's  water  at  a 
quality  suitable  for  repeated  reuse* 

The  current  terms  "tertiary  treatment"  and  "advanced  waste  treatment"  are  being  used 
to  describe  a  great  variety  of  wastewater  treatment  processes  which  range  from  simple 
ponds  used  to  polish  secondary  effluents  to  complex  demineralization  schemes «  The 
materials  found  in  secondary  effluents  which  are  of  concern  in  most  pollution  control 
programs  are  suspended  solids,  B*O.D* ,  bacterial  concentrations,  phosphates,  and 
nitrogen*     Where  direct  water  reuse  is  being  considered,   removal  of  soluble  nonbio- 
degradable organic  materials  and  dissolved  solids  may  also  be  necessary* 

The  processes  discussed  in  this  study  guide  will  be  limited  to  some  of  the  main 
ones;  where  secondary  treatment  is  inadequate  for  removal  of  B*0*D*,  suspended  solids, 
phosphate,  and  nitrogen* 

Tertiary  treatment  will  be  discussed  under  the  following  main  topics: 


INFORMATION 

Tertiary  treatment  is  the  third  stage  of  treatment  for  wastewater  (tertiary  means 
the  third  part)*     Physical,  chemical  or  biological  treatment  may  be  used*     Here  is  a 
list  of  some  tertiary  treatments: 


Tertiary  treatment  can  be  Just  about  any  process  used  after  normal  secondary  treatment. 

A  good  primary  and  secondary  treatment  reduces  B*0*D*  and  suspended  solids  by  90 
percent*     To  cut  into  that  last  10  percent,  other  methods  are  used*     No  one  method  of 
tertiary  treatment  is  best  for  all  plants,  because  each  plant  has  its  own  problems  and 
capabilities*     More  than  one  of  the  treatment  methods  in  the  list  above  may  be  used  to 
meet  the  requirements  of  a  specific  plant*     The  cost  of  the  process  determines  wMch  one 
wj 1 1  be  used. 


Principles  Of  Tertiary  Treatment 


Methods  Of  Tertiary  Treatment 


PRINCTPLFS  OF  TERTIARY  TREATMENT 


plai  n  sedimentat^  on 
chemi  ca 1  preci  pi  tat  i  on 
f i Itration 
ion-exchange 
activated  carbon 
elect rodialysis 
reverse  osmosis 


ammonia  stripping 
stabi lization  ponds 
coagulation 
chemical  oxidation 
phosphate  precipitation 
denltrif  ication 
polishing  lagoons 
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METHODS  OF  TERTIARY  TREATMENT 


reused. 


Tertiary  treatment  is  usually  used  when  the  treatment  plant  effluent  is  to  be 
!ed.     What  the  effluent  is  to  be  used  for  determines  the  quality  standards  it  must 
meet.     Sometimes  B.O.D.  plays  a  part,  but  more  often  other  characteristics  are  more 
important.     For  example,  an  effluent  that  contains  large  solids  or  tends  to  develop 
slimes  could  not  be  used  for  a  cooling  system.     Depending  on  what  the  effluent  is  to  be 
used  for  tertiary  treatment  may  be  needed  to  correct  problems  with  the  hardness,  the 
concentration  of  some  mineral  or  ion,  the  pH  or  the  turbidity  as  well  as  other  charac- 
teristics. 


teristics 
Filtration 


sec 


Sand  filters,  coal  filters,  and  microstrainers  have  been  enhancing  the  quality  of 
ondary  effluents  for  years.     Following  good  secondary  treatment,  plain  filtration 


(filtration  without  the  addition  of  chemical  coagulants)  can  remove  most  suspended 
solids  with  B.O.D.     This  makes  the  effluent  suitable  for  many  industrial  uses. 


D-E  Filtration 


Studies  have  been  made  on  diatomaceous  earth  (D-E)  filtration  of  secondary  effluent. 
Where  D-E  was  fed  at  a  controlled  rate' to  the  effluent  which  is  then  passed  through  a 
precoated  filter  septum,   it  was  found  that  D-E  filtration  produced  a  final  effluent  with 
no  detectable  B.O.D.  and  only  a  trace  of  suspended  solids.     The  major  problem  associated 
with  D-E  filtration  is  its  inability  to  tolerate  significant  variations  of  suspended 
solids  concentrations.     A  filter  run  of  only  ten  minutes  can  occur  during  periods  of 
high  solids,  making  this  process  very  costly.     Even  if  the  secondary  effluent  turbidity 
can  be  maintined  at  less  than  ICQ  units,  it  has  been  estimated  that  the  operating  cost 
alone  will  be  7.5  cents  per  1000  gallons,  exclusive  of  the  cost  of  disposing  of  the 
spent  filter  cake.     The  following  discussions  will  show  that  other  means  of  effluent 
filtration  can  be  provided  at  much  lower  costs. 


Microstrainers 


Microstraining  is  another  process  that  may  be  used  for  tertiary  treatment.     A  recent 
study  has  shown  that  a  microstrainer  with  openings  of  .001  inch  could  remove  an  average 
of  89  percent  of  the  suspended  solids  found  in  the  secondary  effluent.     A  micro- 
strainer  with  .0015  inch  openings  would  remove  73  percent.     Caution  must  be  observed 
about  the  adverse  effect  of  grease  and  high  secondary  effluent  solids  content.  The 
estimated  cost  of  microstraining  is  about  1.5  cents  per  1000  gallons  for  a  plant 
treating  10  mgd.  ^ 

One  reported  problem  concerning  the  ability  of  a  microstrainer  to  handle  wide  fluc- 
tuations of  solid  loadings  was  that  an  increase  in  secondary  effluent  suspended  solids 
from  25  to  200  mg/1  caused  the  output  of  the  strainer  to  drop  from  60  to  13  gpm  in  a  few 
minutes.     As  with  D-E  filtration,  microstraining  alone  does  not  provide  reliable  terti- 
ary treatment  because  it  is  not  capable  of  handling  the  variations  in  suspended  solids 
which  occur  in  most  secondary  plants. 

Slow  Sand  Filters 

Slow  sand  filters  have  been  used  for  polishing  of  secondary  effluents.     In  addition 
to  requiring  very  large  land  areas  and  considerable  maintenance,   they  have  been  found  to 
je  ineffective  due  to  rapid  clogging  of  the  filters. 
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Filter  Media  Distribution 

It  is  apparent  from  the  above  infornation 
that  filtration  of  secondary  effluents  is  a  diffi- 
cult problem.    The  variations  in  effluent  quality 
which  adversely  affect  D-E  filters,  microstrai ners , 
and  slow  sand  filters  also  have  an  adverse  effect 
on  rapid  sand  filters. 

The  sensitivity  of  a  rapid  sand  filter  to  high 
suspended  solids  concentrations  can  be  readily 
understood  by  looking  at  Figure  9-1.    Figure  9-1 
illustrates  a  cross-section  of  a  typical  single- 
media  filter,  such  as  a  rapid  sand  filter. 

Most  of  the  material  removed  by  the  filter 
is  removed  at  or  very  near  the  surface  of  the 

bed.     When  the  secondary  effluent  contains  rela-  Figure  9-1.     Rapid  Sand  Filter 

tively  high  solids  concentrations,  a  sand  filter 

will  clog  at  the  surface  in  only  a  few  minutes.    As  would  be  expected  from  the  grain 
size  distribution  illustrated  in  Figure  9-2,  75  to  90  percent  of  the  headloss  occurs 
in  the  upper  one  inch  of  the  rapid  sand  beds  when  filtering  activated  sludge  plant 
effluent. 

One  approach  to  increasing  the  effective 
filter  depth  is  the  use  of  a  dual-media  bed 
with  a  discrete  layer  of  coarse  coal  above  a 
layer  of  fine  sand,  as  shown  in  Figure  9-2. 
The  work  area  is  extended,  although  it  still 
does  not  include  the  full  depth  of  the  bad,  as 
there  is  some  fine  to  coarse  stratification 
within  each  of  the  layers.    Effective  size  of 
the  sand  in  a  typical  dual  filter  is  0.4  - 
0.5  mm. 

It  has  been  found  that  grain  size  is  of 
major  importance  in  determining  how  efficient! 
the  filter  removes  suspended  solids.  The 
effluent  should  pass  through  as  fine  a  filter 
material  as  possible.    This  presents  a  serious  Figure  9-2.    Coarse  Coal  Above  Sand 

inconsistency  in  design  of  a  dual-media  bed,  as 

shown  in  Figure  9-2.     It  would  be  desirable  to  have  the  coal  as  coarse  as  is  consistent 
with  solids  removal  to  prevent  surface  clogging.    The  sand  needs  to  be  as  fine  a?  poss- 
ible to  provide  maximum  solids  removal.    However,  if  the  sand  is  too  fine  in  relation  to 
the  coal,  the  sand  will  actually  rise  above  the  top  of  the  coal  during  the  first  back- 
wash and  remain  there  when  the  filter  is  returned  to  service.    For  example,  if  a  0.2  mm 
sand  were  placed  below  1.0  mm  coal,  the  materials  would  actually  reverse  during  back- 
wash, with  the  sand  becoming  the  upper  layer  and  the  coal,  the  bottom  layer.  Although* 
the  sand  has  a  higher  specific  gravity,  its  small  diameter,  in  this  case,  would  result 
in  its  rising  above  the  coal  at  a  given  backwash  rate. 

Mixed -Media  Bed 

To  overcome  the  above  problem  and  to  achieve 
a  filter  which  closely  approaches  an  ideal  filter 
is  illustrated  in  Figure  9-3. 

The  problem  of  keeping  a  very  fine  mediei  at 
the  bottom  of  the  filter  is  overcome  by  using  a 
third,  very  heavy  (garnet,  specific  gravity  of 
about  4.2)  very  fine  (0.15  mm)  material  beneiith 
the  coal  and  sand.    The  resulting  mixed-media 
filter  has  particle  size  graduation  which  decreases 
from  about  1  mm  at  the  top  to  about  0.25  mm  at  the 
bottom.  This  filter  has  a  coarse  upper  layer  to 
reduce  sensitivity  to  surface  clogging  but  forces 
the  effluent  to  pass  through  a  much  finer  media 

than  does  either  a  sand  or  coal**8and  bed.    The  Figure  G-^S.    Coarse  Too  Fine 
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about  one  cent/looo  gallons.  (Including  both  capital  and  operating  costs)  Is 

tne  'o{JS;Tro'ce?ur;rs"o;'ssis;'?j  Tt'AT.'ii  iiT/i^i^rr  ^^vr 

Coagulation  and  Sedimentation 

th^v^°^^"^t"°"  "'"^  sedimentation  alone  can  reclaim  water  suitable  for  manv  uses  anrf 
they  can  also  prepare  secondary  effluents  for  even  higher  deerees  of  tr^"Lnf  't^ 
iTntltilVT/'''  dependent  upon  the  coagulant^dose  rSulredf^SneraHy  ''grea;er  ' 
?urbliJJv  t"'         necessary  to  precipitate  phosphates  thfn  for  effective 

turbidity  removal.     For  example,  an  alum  dose  of  25  mg/L  may  oroduce  excellent  i)j<„, 

virt^^«"ifn«T  ""^^"i^^f^w  "'"^  settling  of  a  good  quality  secondary  effluent  will  oro- 
be  less  Jhai  Ti^/L    ""vV"  °'  1  to  2  units.     Suspended  solids  and  B  O.D.^-r  i  1 

?fnt!  Phosphates  can  be  reduced  to  1  or  2  mg/L  by  using  enough  coagu^ 

Chemical  coagulants,  such  as  aluminum  sulfate  and  ferric  chloride  ar^  «hhb^ 

SoH;»He-lE™ 

coagulation  varies  with  time  and  from  wastewater  to  wastewater. 

Large  doses  of  coagulants  yield  massive  quantities  of  chemical  sludee-  hnn,^v«,. 

Filtration  and  Coagulation 

To  remove  nearly  all  of  th-  particulate  matter  requires  the  filtration  of  th^ 
chemically  coagulated  effluent.     Settling  must  precede  filtration  ii^h  1^2  t 

TiVeTllT'  V'''  Chemically ^^^eal^'^iL^dary"  llfllTt  wlre°applled 

directly  to  a  conventional  filter,  the  surface  would  oulcklv  seal      Oniv  L  foTr.^ 

m  xed-medla  filters  Is  It  possible  to  eliminate  the  ne^lJ?  Il^iilng       fhe  clerical 

b^T-to"pT^:?de  L^t^^Trrlrto^^7^:raT::?  °'       -  "cu^rn^i^ 

effluent  ^(nl  ^StTin^C  T^^^Ti".  P^^"*  ^^e  coagulated  and  filtered 

d  >H'Ft^  T^^^ 

ch[nr?n«ti^^      V  ^  collform  content  of  less  than  2.1/100  ml  following 

f^i'°z  :°;.?oi°s!ioS^!"-  «tisia^tS??.'co^t'™  rd'ip"'t'i'iSo 
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Adsorption 


Activated  carbon  Is  an  effective  adsorbent.     Other  naterlals  are  also  adsorbent  In 
nature  but  none  Is  as  effective  as  carbon  for  many  classes  of  organic  substances.  When 
municipal  waste  water  Is  passed  through  beds  of  granular  carbon  or  when  granular  carbon 
Is  slurried  with  the  effluent,  the  removal  of  70  to  95  percent  of  the  CO. D. -bearing 
organic  materials  are  eliminated.    The  carbon  treated  effluent  is  clear  and  nonfoaming. 
The  organic  materials  escaping  carbon  are  believed  to  be  largely  colloidal. 

Activated  carbon  has  a  network  of  "micropores"  which  can  adsorb  a  large  amount  of 
matter.     The  fact  that  activated  carbon  has  an  extremely  large  surface  area  per  unit 
weight  makes  it  a  very  efficient  adsorptive  material.    Because  of  this,  as  the  water  Is 
passed  through  the  activated  carbon,  much  of  the  orgaxiic  material  is  removed.    Once  the 
pores  are  full  of  organic  material  the  activated  carbon  can  be  regenerated  by  heating  it 
at  800*C  -  900*C.     This  will  burn  off  the  organic  material  and  the  carbon  can  be  reused. 

The  principal  factors  in  the  use  of  activated  carbon  for  treating  municipal 
effluents  are  listed  below: 

1.  Carbon  reactivation  is  necessary  to  reduce  costs  to  acceptable  levels.  Thermal 
regeneration  has  been  proven  practical. 

2.  Pretreatment  of  the  secondary  effluent  ahead  of  the  activated  carbon  nay  be 
required. 

3.  0.5  to  1  lb  of  carbon  will  treat  1,000  gallons  of  secondary  effluent. 

4.  Preliminary  cost  projections  for  reduction  of  50  to  70  mg/L  of  C.O.D.  to  10-15  mg/L 
are  from  5-10  cents/1,000  gallons  of  wastewater  for  plants  larger  than  10  mgd. 

5.  Inorganic  salts  are  not  removed  by  carbon. 
Electrodialysis 

Flectrodlalysls  has  the  capability  of  reducing  the  concentrations  of  inorganic 
solids  in  water  and  is  already  a  commercially  proven  process.    The  brackish  water  source 
of  Buckeye,  Arizona,   for  example,  is  converted  to  a  usable  supply  by  electrodialysis. 

Studies  have  shown  that  inorganic  ionic  materials  in  waste  effluent  can  be  reduced 
by  electrodialysis  on  a  relatively  nonselective  basis.    The  feed  to  the  electrodialysis 
process  should' be  nearly  free  from  organic  contaminants.     Suspended  solids  must  also  be 
at  a  very  low  level  to  avoid  physical  plugging  of  the  electrodialysis  cells. 

Some  of  the  significant  findings  on  electrodialysis  of  municipal  wastewaters  have 
been  as  follows: 

1.  6-10  kwh/1,000  gallons  is  the  estimated  power  required  to  remove  300-500  mg/L  of 
solids. 

2.  Product  to  waste  volumes  of  10:1  can  readily  be  achieved  and  50:1  has  been  accon- 
pl i  shed . 

3.  Total  cost  for  electrodialysis  will  vary  with  the  amount  of  materials  removed. 
Preliminary  estimates  indicate  that  15-20  cents/1,000  gallons  may  be  the  range  for 
municipal  effluents.     This  cost  does  not  Include  allowance  for  necessary  pretreat- 
ment or  for  ultimate  disposal  of  the  brine  concentrate. 

Chemical  Oxidation 

We  know  from  past  studies  that  oxidation  is  a  process  involving  an  increase  in 
positive  valance  or  a  loss  in  electrons.     An  oxidizing  agent  gains  its  electrons.  In 
the  process  of  corrosion,  oxidation  of  Iron  by  chlorine  and  hydrogen  sulfide  is  a  lot  of 
times  common  in  wastewater.     Wastewater  and  industrial  wastes  contain  or  produce 
compounds  and  gases  that  attack  metallic  and,  in  small  amounts,  non-metallic  materials. 
Among  the  causes  of  corrosion  are  the  formation  of  hydrogen  sulfide  in  anaerobic 
decomposition  and  the  presence  of  alum  solutions,  lime,  ferric  sulfate  and  ferric 
chloride  solutions  and  fatty  acids  in  wastewater. 

83d 


ERIC 


Oxidation-reduction  reactions  are  ones  Involving  transfer  of  electrons. 
Example: 


+  Cl«2   >     2  H+Cl-  +  S' 


2  Fe++  +  Cl'z   >     2  Fe3+  +  2  Cl" 

H+2S=  +  4C1«  +  4H+20=  >     H+gSO^  +  SH+Cl" 

JrJ**ohf«!^r^®''^!?P^®  hydrogen  sulfide,  an  obnoxious  gas,  Is  oxidized  bv 

Fe2^  a  soIiMe^jin'^TrS.^r'".'!!^  l^nt"'     ^"^^"^        produced,  ^ he  sJciJd  Sample 

out      With  ?hls  In'Jnrt^l  ^^'^  ^°  ^!       '"^'^         ^^^^y  f^r™  Fe(0H)3  and  precipitate 
be'ihe'^kJn'oJ'elecfroL:'  ^'^^'^^^'^  °^  "e^-'lon  can 

to  be^eSLir^^'ftheT^st'^ixri"?;  'I'h  element,  gains  electrons  and  is  said 

exaraole  Fe2+     in^2  example,  the  reducing  agent,  sulfur,  and  In  the  second 

All  Stripping 

Aeration  Involves  exposing  as  much  water  surface  as  possible  to  the  «lr  n.>-in<r 
rffsel°th«^rh  ^"  ^he  water  supply  are  releaseHo  tL  atmSlp^e^.  Aelilion 

Nitrogen  Remotal 

The  units  for  providing  nitrogen  removal  are  all  based  upon  the  orinrinie  nf 
addlM%11so!™f  So?,!Sf  °ih2  "^"o™!  under  «.„y  conditions  without 

Nitrogen,  Total,  Organic  and  Ammonia  Processes 
(»H,rn"t'„°J^^HToi=>':n=d'':tt'?[t^-V7ilSf->:"" 

^i-i-^fn^^^n'  P^*°*ry         secondary  treatment  will  remove  most  of  the  organlc-N  bv 

«oooii?f=h^  K°"''r""L"  ""^^  ammonla-N  form.    Any  additional  reSS!  Is 

accomplished  by  advanced  treatment.  "-ti-iuntti  removal  is 

4mn,n!?«  Tf^  coomon  or  abundant  form  is  organlc-N  in  the  form  of  NH,  and  NH.+ 
Ammon  a-N  is  corrosive  and  raises  the  pH  of  water.     It  has  a  pungent  ^or    Is'toxlc  to 
il'sL^se  Jr.nla^SirHSoJJTs^^ul  S^b^Ll"  -cent^tionsf    ft  can^^r^Isul?  iT^ 

Ammonl-.-R  puts  a  great  oxygen  demand  on  the  waterways  due  to  hi-q  ^- ^ 

process.     The  organic-N  originates  from  body  was^^sf^n?^?  ^nd  himn  Sfa^d 
^^^^l'r.^^J°  :T'°''^  ""^^  ^""»°"*^  wastewater  we  cai  use  the  nltriJJCit  oJ^ 

denitrlfication  process,  stripping,  ion  exchange  or  breakpoint  cJ  SJl^auJ^. 
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To  use  the  nitriflcatlon/denltrlf Icatlon  procoss  we  must  first  remove  the  H+  from 
NH3  or  The  form  In  which  ammonia  will  be  present  depends  on  the  pH  of  the 

wastewater.     li  Jrhe  pH  Is  above  7.0,  most  of  It  will  be  ammonia;  below  7.0  it  will  be 
mostly  ammonia  ion.    During  the  nitrification  process  the  ammonia  -N  (NH3)  is 
converted  to  nitrates  or  nitrites.     This  is  accomplished  through  the  plant  for  normal 
removal  or  additonal  systems  are  designed  and  constructed  to  remove  all  the  amraonia-N 
under  the  nitrification  process.     Nitrification  is  an  aerobic  conditioning  process 
usually  accomplished  at  the  last  part  of  secondary  treatment  where  B.O.D.  is  at  its 
lowest  levels.     Keep  in  mind  that  only  the  form  of  nitrogen  is  changed,  not  the 
elimination  or  reduction  of  concentration  of  nitrogen.     The  treatment  units  used  can  be 
either  a  high  rate  trickling  filter  or  extended  activated  sludge  system.    Once  the 
ammonia  is  removed  by  the  aerobic  bacteria,  the  oxygen  demand  of  the  receiving  stream 
will  be  less.     At  this  time,  if  the  remaining  nitrates  and  nitrites  are  safe  to  be 
released  into  the  stream,  nitrifcation  is  accomplished. 

The  following  are  examples  of  nitrification: 

NH3/NH4+    +    O2   >  NO2" 


+    O2   >  NO3" 

The  NO2"  and  NO3"  forms  are  not  toxic  to  the  receiving  stream,  but  these  are 
still  considered  nutrients  or  food  for  organisms  which  can  cause  etrophication  for 
premature  aging  of  a  stream.     This  is  when  the  vegetation  will  grow  in  large  amounts, 
robbing  the  oxygen  from  the  stream  causing  septic  and  anaerobic  conditions. 

Denltrif ication  is  the  process  of  removing  the  nitrogen  from  the  wastewater  by 

changing  the  form  from  NO2/NO3   >    N  +  02»     Tha  nitrogen-N  is 

released  as  a  gas  and  the '^oxy'geD-^02  is  used  by  the  various  aerobic  organisms  for 
respiration  purposes.     Therefore,  the  oxygen  is  "stripped"  from  NO2  and  NO3  leaving 
N2  to  be  dispersed  as  gas. 

These  gas  formations  will  usually  occur  in  the  final  settling  tank.  Enough  gas  v?ill 
cause  sludges  to  rise  forming  floating  mats  and  unsightly  appearance. 

Denitrif ication  must  have  certaixi  ^avorable  conditions:     the  nitrogen  must  be  in  the 
NO3"  or  N02~  form,  no  D.O.  present  but  .iiust  have  some  B.O.D.  present.     The  pH 
should  be  6.5  to  7.5.    The  tempei^ture  should  be  about  68^F.    The  lower  the  temperature, 
the  less  react Iciii  will  take  place. 

The  system  used  for  denitrif  ication  niay  be  anaerobic  ponds,  anaerobic  tank  systems,  or 
anaerobic  filters.  Most  plants  add  organic  matter  to  the  process,  such  as  methonal  or 
glucose.    The  organic  matter  should  be  inexpensive  and  create  a  low  sludge  volume. 

Another  way  to  remove  nitrogen  is  in  the  form  of  ammonia  gas.     Th^s  is  called 
ammonia  stripping.     As  the  pH  of  wastewater  is  raised  above  7.0  the  a.omonium  ion  forms 

ammonia  gas.    Lime  can  be  added  to  raise  the  pH  of  the  wastewater  to  about  11.     Then  the 

ammonia  gas  can  be  stripped  with  air  by  means  of  cooling  towers  and  air  blowers.  This 

process  works  best  in  warm  weather. 

Furt^-  r  information  pertaining  to  nitrogens  can  be  read  in  AFM  91-32,  pages  14-17  to 
14-25. 

Polishing  Lagocns 

Polishing  lagoons  are  ponds  that  get  wastewater  from  a  treatment  plant.    Most  of 
them  are  made  by  forming  dams  across  ravines  and  dry  creeks  whose  shape,  depth,  and 
surrounding  area  are  not  controlled.    Most  lagoons  have  been  built  foi  the  treatment  of 
organic  industrial  wastes  and  wastes  from  animal  feed  lots.     In  a  lagcon  it  is  very 
Important  that  the  carbon-nitrogen-phosphorus  balance  of  the  waste  be  such  that  the 
process  can  be  successful.    Most  of  the  time  there  isn't  a  shortage  of  carbon  in  most 
industrial  wastes.     But  some^iroes  industrial  wastes  have  very  little  nitrogen  or 
phosphorus. 
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Of  much  value  In  promoting  the  growth  of  fish  and  o?hfr  "tdllJe  "^^ 

For  additional  Information  of  Advanced  Wastewater  Treatment  (AWT)  read  Chanter 
U.^Adyanced  Wastewater  Treatment  (AWT),  Section  1  thru  7.  pari!  14^  l""?;?;" 


NOTE: 


EXERCISE  lV-9-9a 

INSTRUCTIONS 

using  SW  J3ABR56631  000-IV-c,,  ^rrt  AFM  91-32.  complete  the  following  statements. 
1.      Define  tertiary  treatment. 


2.      What  is  the  purpose  o:"  lerrf  ary  <.ri-atment? 


3.      List  three  main  prln-lpi^^s  of  t^ftlary  treatment 


b. 
c. 


4.      List  five  tertiary  treatment  processes. 

a .  

b.  

c.   

d. 

e. 


5.      What  is  the  reason  for  the  special  arrangement  of  media  In  the  mixed  bed  filter? 


6.      List  two  disadvantages  of  0-E  filter. 

a.  

b. 


9-8 


83o 


7.      Name  four  Impurities  that  can  be  reduced  by  tertiary  treatment, 
a-   c. 


ERIC 


b. 


^.       The  organic  materials  escaping  carbon  are  mostly 


9.  Phosphorus  can  cause  hea  <ry  growth  of  algae  and  other  plants  and  can  result  In 
 ,    and  other  problems. 

10.  Dissolved  and  colloidal  organlcs  can  be  removed  by   onto 


11.  High  levels  of  nltrate-N  In  drinking  water  can  result  In  a  serious  disease  In 
 known  as     . 

12.  Denltrlf Icatlon  systems  downflow  filter  needs  frequent   and 

  to  remove  trapped  nitrogen  gas. 

13.  Denltrl  f  Icatlon  Is  the  reduction  of    to  and  then  to 

  gas. 

14.  In  downflow  contactors,  the  entire  contents  of  the  lead  contactor  should  be  removed 
for  . 

15.  Phosphorus  can  be  removed  by  using  coagulants  such  as  , 

and 


PROGRESS  CHECK 

You  should  be  ready  for  the  progress  check.  If  you  feel  you  need  to  review  some  of 
the  previous  Instruction,  do  so.  The  progress  check  Is  prepared  as  a  separate  publica- 
tion and  controlled  by  the  Instructor.  You  must  do  the  progress  check  under  Instructor 
supervision  an^  complete  It  prior  to  leaving  for  the  day. 
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INFORMATION 


NOTE:     Read  the  following  information  in  Chapter  14,  on  troubleshooting  guide  for 

^lill^''^ J^^^^^^"^}^^  Treatment  (AWT),  Chatper  14,  Advance  Wasterwater  Treatment 
(AWT),  Section  8,  Para.  14.8.1. 


INSTRUCTIONS 


EXERCISE  IV-9-9b 


Using  AFM  !-32,  Chapter  14,  Section  8,  Tro^ibleshooting 
with  the  likely  cause. 


Guide,  match  the  indicator 


1. 
2. 


Indicator 

Chemical  feed  units  not  operating. 

Chemical  feed  units  running  but  no  chemical 
being  fed  (delivered). 

Poor  floe  formation  in  floccualtion  tank. 

Low  quality  effluent  from  filter  units,  too 
many  suspended  solids  and  short  filter 
runs. 

Decreased  efficiency  in  the  activated 
carbon  unit.     Too  many  suspended  solids  in 
the  effluent. 

Decreased  efficiency  in  nitrification/ 
denitrl  f  "T^ati^n  units. 


a. 
b. 


d. 
e. 


Cause 

Wrong  operating  procedure 

Adsorptive  capacity  of 
the  carbon  used  up 

No  electric  current  being 
supplied  to  the  unit 

Wrong  pH  range 

Filter  media  not 
thoroughly  backwashed  or 
media  may  need  to  be 
replaced 

Clogged  pump,  screen  or 

pipe 


PROGRESS  CHECK 

You  should  be  ready  for  the  progress  check.  If  you  feel  you  need  to  review  some  of 
the  previous  instruction,  do  so.  The  progress  check  is  prepared  as  a  separate  publica- 
tion and  controlled  by  the  instructor.  You  must  do  the  progress  check  under  instructor 
supervision  and  complete  it  prior  to  leaving  for  the  day. 


8iU 
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SUMMARY 


The  term  tertiary  treatment  means  third-stage  treatment  for  wastewater-     It  is  used 
primarily  for  polishing  secondary  plant's  effluent.    The  principles  used  may  be 
physical »  chemical  or  biological  in  nature. 

Some  processes  used  are  plain  sedimentation,  chemical  precipitation,  filtration, 
activated  carbon  adsorption,  carbon  filters,  air  stripping,  phosphate  precipitation 
tank,  denitrif ication  units  and  polishing  lagoons. 


REFERENCE 

APM  91-32,  Operation  and  Maintenance  of  Domestic  and  Industrial  Wastewater  Systems 
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3770th  Technical  Training  Group 
Sheppard  Air  Force  Base,  Texas 


SW  J3ABR56631  000-IV-lO 


DISINFECTION  PROCESS 

OBJECTIVE 

Given  a  schematic  of  a  wastewater  pJant,  Identify  the  points  where  chlorine  may  be 
applied  and  complete  written  stater^j'ils  related  to  wasterater  disinfection.  Ten  of  the 
fifteen  completed  statements  must  be  correct. 

INTRODUCTION 

The  need  for  wastewater  disinfection  cannot  be  overstated.     The  Increasing  popula- 
tion and  the  growing  demand  for  water  supplies  lead  us  to  consider  sources  that  were  not 
suitable  years  ago.     With  the  population  Increase  comes  more  need  for  swimming  areas  and 
also  more  bodies  of  water  to  receive  wastewater  plant  effluents.     Chlorlnatlon  Is  used 
to  disinfect  final  effluents,  control  odors,  and  to  protect  our  sources  of  water. 

Chlorine  may  be  obtained  as  a  liquid  or  gas.  or  a  hypochlorite  solution. 

The  Information  regarding  chlorlnatlon  of  wastewater  will  be  presented  In  this 
study  guide  under  the  following  main  topics: 

Pre-chlorl nation 

Tn-plant  chlorlnatlon  for  operational  control 
Post-chlorl nation 

PRE-CHLORINATION 

Pre-chlorl nation  Is  the  adding  of  chlorine  to  wastewater  as  It  enters  the  plant. 
Disinfection  of  raw  wastewater  without  further  treatment  Is  not  practical  because  of 
limited  effect  of  chlorine  on  large  solids  as  well  as  being  expensive. 

Low  Flows 

Pre-chlorl nation  may  be  used  to  keep  wastewater  fresh  and  prevent  odors  when  flows 
are  below  the  rate  for  which  the  treatment  plant  was  designed  and  detention  periods  In 
settling  tankf  ire  excessive.     The  amount  of  chlorine  required  depends  on  how  putrid  the 
wastewater  Is  -/hen  It  reaches  the  plant.     A  dosage  up  to  5  ppm,  even  without  residual, 
Is  usually  effective. 

Od  ors 

Chlorine  acts  Immediately  on  hydrogen  sulfide  gas  to  prevent  odor.     The  influent  to 
trickling  filters  may  also  be  pre-chlori nated  to  control  odors.     This  is  usually  done 
v^nly  when  prevailing  winds  are  in  the  direction  of  inhabited  arens.     Elimination  of 
foul  odors  from  sewer  systems  and  teatment  plants  throughout  the  year  is  Inrreaslngly 
difficult.     With  the  rapid  growth  of  population  and  expansion  into  rural  areas  more 
people  are  concerned  with  this. 

IN-PLANT  CHLORINATION  FOR  OPERATIONAL  CONTROL 

In  some  areas  of  plant  operation  ciilorination  is  used.  This  type  of  chlorination  is 
neither  pre-  nor  post-chlorl nation  but  is  defined  as  In-plant  chlorlnatlon. 

Filter  Control  By  In-Plant  Chlorination 

Ponding  of  trickling  filters  can  often  be  corrected  by  applying  heavy  doses  of 
chlorine  to  the  filter  influent.     A  residual  up  to  5  ppm  applied  3  or  4  hours  dally  for 
several  days  causes  the  solids  to  crumble  and  fall  away  from  the  filter  rocks.  Applica- 
tion is  best  made  at  night  when  wastewater  flow  and  chlorine  demand  are  low. 

Filter  flies  can  be  controlled  somewhat  by  chlorination  to  a  residual  of  2  to  5  ppm 
for  several  hours  at  2  week  intervals.     Care  must  be  taken  not  to  decrease  filter 
efficiency  by  destroying  bacterial  growth. 
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Activated  Sludge  Control 


applied  to  return  activated  sludge  to  correct  bulklne  caused  hv 
fungus  groj^hs.    The  dosage  depends  on  the  solids  content  of  the  sludee-  o^r  rhi  S^i 
tlon  must  be  avoided  because  It  .nay  effect  the  biological  ?ife  In  Jhe^act?v"ed  s^SgeT 

flow?ani*i"^cJea"sl";;^  Jhe^doS^f  Sjii^^h^'"^  approximately  1  ppm  (based  on  return  sludge 
in  thA  finoi  r    ,     V      '^°^^ee  dally  by  small  amounts  until  a  slight  turbidity  Is  noted 
2ollt  ITLTeZ's  p'p^^'  decreased.     I„  .ost  cases'  the  J.tZ  UsT^' 

If  a  bulking  has  been  continuous  or  continues  to  reappear  whenever  chlorinntinn 
IfJ^ffrJ'  I  ^""""^        chloriue  applied  continuously  (a^ter  JuIkJlg  Jis  Seen 

remedied  by  heavier  chlorine  dosage)  may  help  to  maintain  a  low  sludge  index  In^amo 
raTlJJe^t":?.'''"       accomplished  by  continuous  low  chlorlnrdoLlroilhe'lnJomrr 

POST-CKLORINATION 

bacte?l^a^d''^o^^'^^i^''*'^''''i^  wastewater  plant  final  effluents  to  reduce 

bacteria  and  B.o.o.  ;  It  Is  used  when  it  Is  necessary  to  protect  the  receiving  ^tr^Jm 

co:;S:^d?'"°"  °'          ""^"^^^'^  '°         post-ch:.rlna?lon  ?s  L'de  bTth^ri^Iir'arr'"""' 

Disinfection  of  Plant  Effluents 

generally  necessary  when  wastewater  effluents  are  discharged  tn 
bodies  Of  water  used  for  domestic  water  supply,   reproduction  orsheUflsh  re^JeaJ^on 
''L'ri"*"^.^^*'^*"^^'  ^"'^  irrigation.     Disinfection  may  be  %gular  as  when  sip^l  es 
or  perfoSfoi  Sieh^ru^o  f'^Hrr/'^^^'"^^"'        "^^'^  f or'swlmml ng.  DuriS^rafnTiealons 

c\%^^;i„Tf:e^",:^y\:\^i?::ied°f         ^"^-^-^  ^^-^^  ^«  --^^^  hourly^sr:re"ra%r:? 

h..^  ^^erlllzatlon  of  wastewater  is  not  practicable  or  economically  feasible 

h^^h        ^f^u^^^lo"  Of  bacteria  count  in  settled  or  treated  wastewater  effluent? Is  as' 
JeM.ual  Of VftTn  f^^l^^^-^.f  lorlnatlon  for  a  15  minute  contact  plrli^  wfth  a 
resl^tual  of  0.3  to  0.5  ppm.     This  residual  will  usually  kill  all  tvnes  of  dic:M«e_ 
producing  bacteria  and  insure  effective  disinfection.  ^  dlsease- 

A  15-mlnute  contact  detention  period  is  necessary  to  provide  time  for  chlorine  to 
contact  and  ki 1 1  organl sms.     This  nay  be  in  a  separate  contact  chamber  baffled  Jo  pre- 
vent Short  circuiting  (see  Figure  10-1)  or  In  the  outfall  sewer  if  it  is  long  enough 


Reduction  of  B.O.D, 


Each  ppm  of  chlorine  added  to  wastewater  effluent  reduces  B.O.D.   in  the  receiving 
stream  by  1  to  2  ppm-     This  B.O.D.  reduction  is  effective  in  preventing  septic  condi- 
tions or  low  dissolved  oxygen  content  in  a  stream  where  the  dilution  factor  is  low-  The 
effect  is  low  however  if  there  are  sludge  banks  in  the  stream  below  the  outfall- 

For  post-chlori nation  to  protect  receiving  streams,  a  chlorine  residual  up  to  0-5 
ppm  is  adequate  although  hipjher  residuals  may  be  required  during  low  stream  flows- 
Post-chlorl nati on  is  not  a  cure-all  for  poor  stream  conditions  and  cannot  replace  proper 
wastewater  treatment  and  correct  operations- 

MOTE:     For  more  information,   read  Chapter  11  on  Disinfection,  AFM  91-32,   Chapter  11, 
Disinfection,  Section  1  rhnj  6,  para-   11,1-1  thru  11-6-1- 

EXERCISE  iV-lO-lOa 
PART  1 

INSTRUCTIONS 

Using  SW  J3ABR56631  000-IV-lO  and  AFM  91-32,   complete  che  following  statements- 
1.      Why  is  chlorine  added  to  wastewater?  „  


9 .       Define  pre-chlorl nation? 


3-       Define  in-plant  chlori nati on? 


4-       Define  post-chlori nati on? 


5,       How  long  a  contact  period  is  required  to  provide  time  for  chlorine  to  contact  and 
kill  organisms?  

fi.       The  most  common  forms  of  chlorine  used  in  wastewater  treatment  are: 


a . 


d. 
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Chlorinp  containers  sbouTrt  be  stored  away  from: 


3  . 

b. 
c. 
d. 
e. 


8.      Do  not  tcuch  the  valve  with  the  u  ,  ^ 

connections.  '  checking  for  leaks  In 

What  are  two  types  of  gaskets  used  when  connecting  lines  together? 


a. 
b. 


10.     What  gas  is  produced  by  putting  a  high  voltage  electric  charge  to  pure  or  enriched 
oxygen  or  air? 


oSer'^ne;^?'  disinfectants  and  are  used  In  IndustrUl  treatment. 


and 

a  .  

b.  _   

c. 


12.     What  are  the  roost  costly  disinfectants  used  in  wastewater  treatment? 


a . 
b. 


13.     Instructions  for  operation  and  maintenance  of  chlorlnatlon  equipment  Is  provided 
by  tl  - 


84:) 
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PART  2 

INSTRUCTIONS 

Look  at  the  schematic  below »  then  answer  the  following  questions. 


1.  On  the  schematic  above,  place  a  PrC  at  the  point  where  prechlorination  would  be 
applied. 

2.  On  the  schematic  above,  place  an  IP  at  the  points  where  an  in-plant  dosage  of 
chlorine  could  be  used. 

3.  On  the  schematic  place  a  PoC  at  the  point  where  post  chlorination  would  be  applied. 

4.  How  much  contact  time  should  be  allowed  after  post  chlorin&tion  before  discharging 
the  effluent  into  a  stream? 

5.  What  is  your  reason(s)  for  selecting  the  site(s)  for  in-plant  dosage? 

6.  What  dosaote  would  you  suggest  using  at  the  site  or  sites  you  selected? 

7.  Under  what  cono!itions  would  you  suggest  using  prechlorination? 

8.  Approximately  how  many  P. P.M.  dosage  would  you  sugges*   for  prechlorination? 


PROGRESS  CHECK 

You  should  be  ready  for  the  progress  ch^'Ck.  If  you  feel  you  need  to  review  sotr^  of 
the  previous  instruction,  do  so.  The  progress  check  is  prepared  as  a  separate  pub) ica- 
tion  and  controlled  by  the  Instructor.  You  must  do  the  progress  check  under  Instructor 
supervision  and  complete  it  prior  to  leaving  for  thr  day. 


EKLC 
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SUMMARY 


Chlorine  is  used  In  wastewater  disinfection  and  orfor  r^ontroi  t^- 

nn^^ii  hv  1.  enters  the  plant  inlet  while  post-chlorlnatior  is  accoS- 

pushed  by  chlorinating  the  final  effluent  to  reduce  bacteria  and  Q.O.D 


REFERENCF 

AFM  91-32.  Operation  and  Maintenance  of  Domestic  and  Industrial  Wastewater  Systems 
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3770th  Technical  Training  Group 
Sheppard  Air  Force  Base,  Texas 


SW  j:.  .:;R56631  000-lV-l 


LOGS  AND  REPOjITS 

OBJECTIVE 

Given  pertinent  data  about  a  wastewater  plant  and  AF  Forms  1462  and  1463,  complete 
the  forms.     Four  of  the  seven  entries  must  be  correct. 

INTRODLTCTION 

Records  and  reports  are  essential  tools  which  are  necessary  for  operation  and 
caaintenance  of  wastewater  plants  and  facilities.    They  provide  essential  data  on  plant 
design,  equipment,  and   :>perations.     They  are  used  at  the  operator,  management,  and 
engineering  levels.     Regulator;  agencies  use  tham  to  evaluate  plant  operations  and 
insure  that  permit  requirements  are  being  met.     Records  and  reports  provide  a  way  using 
past  experiences,  to  determine  current  and  future  needs.     They  are  also  valuable  tools 
for  training  new  personnel. 

INFORMATION 

Kquipment  and  Facilities 

A  complete  set  of  records  and  plans  of  the  sewage  system  and  wastewater  treatment 
plant  are  filed  at  the  plant  or  in  the  installation  engineer's  office.     The  records 
Include  the  following: 

1.  Dates  of  installation  and  mjor  additions. 

2.  Data  of  design  and  capacity  of  sewers,  pumping  stations,  and  treatm*.nt  plants. 

3.  Pum;)  data,  including  raanaufacturer ,  type,  size,   capacity  and  head. 

4.  Manufacturer's  data  on  all  installed  mechanical  equipment. 

5.  File  of  test  and  operating  records. 

Records  kept  for  a  long  period  of  time  are  the  be.^t  means  of  indicating  effects  in 
changes  in  population,  seasons,  and  wastewater  plant  operating  procedures.     F.ecords  are 
also  an  aid  in  designing  plant  extensions.     A  record  is  kept  on  lift  stations  from  day 
to  day.     You  want  to  n^ke  a  check  of  the  pumps,  air  compressors,  pipes,  valves,  record- 
ing charts,  and  other  equipment  that  is  at  the  lift  station.     You  can  make  a  ckeck  of 
your  equipment  and  lift  station  every  two  hours.    You  should  sign  the  log  and  initial 
the  blanks  that  pertain  to  your  equipment.     (See  Figure  11-1).     If  you  have  any  prob- 
lems, make  a  stftteftent        the  remarks  section.     Always  inform  operators  that  follow  you 
on  the  neJct  shift  of  any  unusual  conditions. 

It^  locating  the  wastewater  lift  stations  on  your  base,  you  will  need  to  have  a  base 
map  to  show  you  building  locations  such  as  the  street  and  building  numbers.     You  need 
the  base  maps  to  set  up  a  route  in  which  to  make  your  lift  station  run.     Set  your  lift- 
station  run-up  for  the  shortest  driving  possible.     You  will  save  fuel  and  repair  on  your 
vehicle.  ^  ^ 

A  complete  set  of  maps  aod  plans  of  the  wastewater  system  and  treatment  plant  will 
be  filed  at  the  plant  or  in  the  civil  engineer's  office.     These  naps  shall  show  the 
following  details:     nanhole  locations  with  reference  points;  distance  between  manholes 
and  building  sizes. 

Both  general  and  detailed  maps  of  the  wastewater  distribution  system  are  required. 
The  map  should  show  the  following  items: 

1.    The  general  map  shall  show  the  overall  system  in  bold  lines,  with  the  width  of  the 
lines  in  proportion  to  the  size  of  the  pipe  system.     The  map  will  include  but  will 
not  be  limited  to  pipe  sizes,  force  mains,  and  di recti on-of-f low  arrows.  tSee 
Figure  11-2). 
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WASTEWATER  TREATMENT  PLANT 
PUMP  STATION  CHECKLIST 


DATE32fifi£LQSIt_ 
PUMP  STATlON«.i£i  


1 

Time  | 

NO.  1 
MOTOR 
NO  2 

a. 

h 

MOTOR 1 
NO   4  1 

MOTOR 

NO.  h 

Ii 

£i 

Ii 

Ii 

K 

Ii 

8i 

OPERATORS  NAME 

/ 

/ 

1/ 

/ 

V' 

/ 

/ 

/ 

y 

y 

*»' 

/ 

/ 

/ 

/ 

/ 

/ 

V 

1/ 

/ 

/ 

V 

/ 

/ 

K' 

'  / 

y 

}b30 

/ 

/ 

/ 

/ 

V 

/ 

■  / 

/ 

/ 

/ 

/ 

/ 

>/ 

J/' 

Z035' 

/ 

/ 

y 

/ 

/ 

V 

V 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

ooxs 

/ 

/ 

/ 

✓ 

/ 

V 

✓ 

Tho/vWS<?a/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 

oh3r 

/  / 

/ 

/ 

/ 

GAUGE  READINGS 

TrME 

AIR  PRESSURE 
170-1001 

WET  WELL  LEVEL 
13-61 

SEAl  WATER  PUMP 
(26-30) 

OPERmTOR'SNAME 

'iz 

7/ 

V.V 

3d 

90 

muey 

Ih30 

% 

H.h 

7b 

b 

% 

3d) 

3d 

w 

— 

7/ 

OISCREPANCIES^K)TEO 

PACKING  GLAND 

HOT  BEARINGS 

UNUSUAL  NOtSES 

ABNORMAL  GAUGE 
READING 

OTHER  ISPECIFY 
ONRfViRU  SIDE) 


PUMP/MOTOR/GAUGE 


MAINTENANCE  NOTIFIED 
TIME  AND  NAME 


Example  of  Lift  Station  Checklist 
Figure  11-i . 
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Figure  11-2.     Part  of  General  Utility  Map 


2.     Detailed  atllltle    maps  shall  be  provldec*  and  copies  kept  available  for  use  bv 

field  crews.  Thef^*  niaps  shall  show,  but  not  br  limited  to,  the  following  details: 
manhole  location-  th  reference  points;  manhole  Invert  and  cover  elevation; 

distance  between  oles;  sewer  material,  sizes  and  grades;  location  of  forced 

main  air  rellofs  and  drain  sumps.     Any  modi  fl  cat  1  r>rj  or  addition  to  the  system  is 
noted  by  making  the  required  changes  on  the  maps.     I.i  this  manner,  the  maps  are 
kept  up  to  date. 

The  best  scale  for  the  map  is  one  inch  equals  50  feet;  bi.t,  a  scale  of  one  Inch  equals 
100  feet  may  be  used.     At  a  congested  Intersection,   inserts  of  a  larger  scale  rreiy  De 
needed  to  show  all  data  clearly. 
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BecLuse  of  the  large  scale,  utility  maps  are  usually  drawn  in  several  sections; 
however,  the  utility  map  for  a  small  system  can  be  drawn  on  one  sheet.     If  the  instal- 
lation utility  systems  are  too  complex  to  permit  a  clear  consolidated  drawing,  then  an 
overlay  map  can  be  prepared  for  each  ability  system.    A  general  installation  map  may  be 
used  as  a  base.    Relative  locations  of  all  systems  can  then  be  determined  by  placing  one 
overlay  directly  over  pnother. 


ITEM 


r  &  SMALLER  MAINS 

4"  MAINS 

6"  MAINS 

6"  MAINS 

LARGER  MAINS 

VALVE 

VALVE  CLOSED 

VALVE  PARTLY  CLOSED 

VALVE  IN  VAULT 

TAPPING  VALVE  AND  SLEEVE 
CHECK  VALVE  (FLOW 
REGULATOR 

RECORDING  -  3E 
HYDRANT  TWO  2f*NOZZLES  f 

HYDRANT  WITH  STEAMER  [ 

CROSS  OVER  {TWO  S.  VEOLS) 

TEE  ft  CROSS 

PLUG.  CAP  ft  DEAD  END 

REDUCER 

RFMHQ  HORIZONTAL 
BENDS  VERTICAL 


SLEEVE 


JOINTS 


'    BELL  4  SPIGOT 
ORESSER  VfPt 
FUNGEO 
SCREWED 


JOB 
SKETCHES 


-B- 


G 


-4- 


m.oa  CAP 


T>  *Jr 

UP  DOWN 



UtLL  SPIOOT 


SECTIONAL 
PLATS 


=4 


i  1 


12«  ' 
— >^NOTEO 
NO  SVMWL 


VALVE  RECORD 
INTERSECTION 
SHEETS 


— (D— 


NOTXD 
NO  SYMBOL 


COMPREHENSIVE 
MAP  ft 
VALVE  PLATS 


g  f 


NO  SYMBOL 


-Q-(3/16»  OIA;  ?  :YnRANT  ON  4' BRANCH 
-^(3/16'  OIA)  HYDRANT  ON  6'  BRANCH 
Q  (3./32'0IA)4'BRANCH0RN0.41i'N0ZZLC 
9  (3/32*  OlA)  6'  BRANCH  WITH  4H'  NOZZLE 
-r  -STEAMER  NOZZLE 
 HOSE  NOZZU 


Figure  li-3.    Universal  Symbols  for  Distribution  System  Records 

SYMBOLS.     The  symbols  shown  In  Figure  11-3  have  been  universally  adopted  to  Insure 
uniform,  easily  Interpreted  distribution  maps.     Personnel  engaged  In  preparing 
distribution  maps  must  follow  these  symbols  exactly. 
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Figure  11-4.     AF  Form  995,     ite  Va Ive/ Hydrant  Record 


AF  Form  995,  Gate  Valve/Hydrant  Record,  contains  enough  detailed  Information  about 
each  valve  In  the  system  ao  the  valves  can  be  found  and  operated  qulcklv  at  any  time. 
An  AF  Form  995  Is  prepared  for  each  valve  and  hydrant.     Enough  copies  are  made  of  each 
AF  Form  995  to  provide  a  f . U  set  of  gate  valve  hydrant  records  for  all  distribution 
system  personnel.     The  sheets  are  bound  Into  a  folder  with  an  index  of  valve  numbers 
with  corresponding  sheets  or  page  numbers.    A  sample  gate  valve  hydrant  record  Is  shown 
1  n  Figure  11-4. 


A  schematic  diagram  for  each  pumping  station  should  show  all  major  piping  and 
control  valves  in  bold  lines;  indicate  source  of  supnly,  direction  of  flow,  and  point  of 
discharge  of  piping,  purpose,  and  identifying  number  of  each  valve.     The  diagram  should 
be  mounted  on  the  pumping  station  wall   for  J^uidance  of  operators    and,  in  emergencies 
for  personnel  not  familiar  with  the  layout 


Maintenance  Records 

It  is  important  to  keep  good  maintenance  records.     Maintenance  records  can  help  you 
set  up  a  preventive      1  i>tenance  plan.     By  following  a  regular  ma^mtenance  schedule  many 
equipment  malfunctions  can  be  avoided.     If  equipment  does  malfunction  and  you  have  a 
record  of  where  to  get  replacement  parts  or  instructions  on  how  tn  correct  the  problem 
it  can  us^mlly  be  corrected  faster. 

WASTEWATER  LOGS.     A  practical,   efficient  system  of  reports  and   logs  is  necessary  for 
good  operation  and  maintenance,  but  such  records  mast  be  kept  accurately  and  regularly 
to  be  of  maximum  value.     Accumulated  records  are  the  best  means  of  eva'.uating  methods 
and  processes  and  indicating  effects  of  changes  in  population,   seasons,  and  operating 
procedures.     Local  records  are  also  valuable  aids  when  designing  plant  extensions. 
Figure  11-5  shows  AF  Form  14>-2,  the  Water  Pollution  Control  Utility  Operating  Log 
"General,"  which  is  used  at  wastewater  treatment  plants.     Figure  11-6  illustrates  AF 
Form  1463,  Water  Pollution  Control  Plant  Operating  Log  "Supplementary,"  which  is 
required  at  Installations  with  secondary  wastewater  treatment  or  large  primary  treatment 
plants  with  separate  sludge  digestion  where  detailed  analysis  are  Jusr.f^i(^d.     AF  Form 
1463  Is  for  use  as  a  supplement  to  AF  Form  1462  at  those  installations  where  routine 
laboratory  analysis  of  solids,   biochemical  oxygen  demand,  and  dissolved  o;?  •  gen  are 
required-     It  is  prepared  in  duplicate  for  each  plant  and  posted  daily  bv  the  f-rson  in 
charge  of  the  plant.     At  the  end  of  the  month,   it  Is  reviewed  by  the  Base  Civil  Engin-e; 
and  the  carbon  and  second  copy  is  forwarded  to  the  Major  Air  Commfi<.d.     Copies  are  no* 
forwarded  to  Headquarters  USAV . 

HATLY  LOGS.     Logs  are  poste.i  at  the  treatment  plant  and  daily  recordings  are  put 
them  by  the  operator.     The  readings  are  chlorine  residual,  settleable  solids;  dissolv 
oxygen  test;  pH  of  wastewater.     You  can  put  on  the  w3.stewater  log  changes  ir.  valves 
being  opened  or  closed  on  your  shift.     You  can  also  put  on  this  dally  log  the 
temperature  of  the  heat  exchanger,  boiler  water,  the  temperature  of  the  sludge  being  pui 
in  the  digester.     \ou  have  a  remarks  section  where  you  enter  any  unusual  conditions  of 
the  plant  on  your  shift.     The  daily  logs  are  changed  every  day  on  the  morning  shift  at  8 
o'clock.     They  are  kept  on  file  in  the  wastewater  plant  office  for  two  vaars.  (Se^ 
Figures  11-7  and  11-8) 
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Figure  11-6.     Ar  Form  1463,     Water  Pollution  Control  Plant 
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EXERCISE  IV- 11-1  la 


PART  1 


INSTRUCTION'!^ 

Using  r^: 'r-^:- i  OOO-IV-A'.  complete  the  foilowing  statements. 
1.       Why  do  f-rc  r        vis  rn  .?q^:?nment  and  facilities?  


2.      FiOW  often  are  ii  f :  - 5;t& tl  ons  checked? 


3.      What  help  will  a  base  map  give  you  on  a  lift  station  run? 


4.      Why  are  mintenance  records  Important? 


5.       What  13  Air  ?orce  Form  9f?5? 


6.       A  schematic  diagram  for  each  pumping  station  should  show  what? 


7.       Why  are  wastewater  logs  necessary? 


8.       What  is  AF  Form  1462? 


0.       What  is  AF  Form  *  463? 


10.     How  often  are  AF  Forms  1462  and  1643  posted? 


11.     What     re  three  readings  put  on  the  daily  log  sheet? 


a . 


b. 


c. 
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PART  2 

IKSTRUCTIONS 


Dslng  Air  Force  Form  1462  and  the  Information  below,  complete  filling  In  of  the 


form. 

PART  A 


On  June  28    rainfall  0.  wind  direction  ^CW.  al r  temperature  80.   temperature  of 

Jotal  tLat^d^  m'f 'h^"'  ''h'o^"  effluent  7.3.   rate  per  day  nai.  12S0.  ml  n!  sSo. 
total  treated  1012.  bypassed  0.     Recirculated  0.  settleable  solids  raw  9  5 
primary  0.6.   relative  stability  final  effluent  39  and  raw  sludge  pumped  700. 

TnfiZL^'U  °'  "^"'^  direction  W.  air  temperature  85.   temperature  of 

Influent  73     rate  per  day  max.   1300.  ml  n .  500.  total  treated  1098.  bypassed  0 
recirculated  0.  and  raw  sludge  pumped  90O.  "ypassea  ». 

?"ff!!o%^^4  rainfall  0.  wind  direction  W.  air  temperature  82.  temperature  of 
Influent  72  rate  per  day  max  1400.  mln.  500.  total  treated  1125.  bypassed  0 
recirculated  0.   raw  sludge  pumped  1.000.  j^-^oocu  ,. 


DART  B 

INSTRUCTIONS 


form. 


I'sing  Air  Force  Form  1463  and  the  Information  below,   complete  filling  In  of  the 


2. 


p2f  °"  wastewater  --as  155;  BOD  on  the  primary  effluent 

was  B.-s.  BOD  on  the  final  effluent  was  50;  gas  produced  was  10.000  cubic  f  eet  • 
boiler  temperature  was  140'T;  Influent  temperature  was  70''F-  effluent 
temperature  was  71'F;   the  digester  temperature  was  97''F. 

?an•p"^'^*''^^^■''  P''°^"'=^'^  l'''^"^  cubic  feet;  the  boiler  tenperature  w.^ 

™  i"**"*  wastewater  temperature  wap  70-F;  the  effluent  temperature  wr.s 

•7  r'  •  t'i%te'"Perature  of  the  digester  was  97'F;   D.O.   of  the  final  effluent  was 
/•'■<:    pH  Of  the  final  effluent  is  P. 4. 

^'     ?^n'.^p"^^"  produced  was  iO.200  cubic  feet;  the  boiler  temperature  was 

lin  F.  tne  Influent  temperature  was  70''F;  the  effluent  temperature  was  71»F-  th. 
frnartJn.4:  '•^^^^^er  was  97-F;  t.'.e  D.O.   final  was  7.6  and  the  pH  of  ^he 

nnn"!!r*r  l^^  raw  wastewater  BOP  was  130;  the  primary  effluent  BOD  was  65;  the 
BOn  of  the  final  effluent  was  45;  the  gas  produced  was  9.800  cubic  f eet •  the 
boiler  t^-mperatru  -e  was  140-F;  the  Influent  temperature  was  70"F;  the  ef'Iuent 
temperature  as  71'F;  the  digester  -emperature  was  97"F.  - ^uenx 
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PROGRESS  CHECK 


You  Should  be  ready  for  the  progress  check.  If  you  feel  you  need  to  review  some  of 
the  previous  Instruction,  do  so.  The  progress  check  Is  prepared  as  a  separate  publica- 
tion and  controlled  by  the  Instructor.  You  must  do  the  progress  check  under  instructor 
supervision  and  complete  It  prior  to  leaving  for  the  day. 


SUMMARY 

ilvcords  a  re  a  must  In  wastewater  treatment.     You  must  know  at  all  times  what  changes 
are  taking  place  in  your  plant.     You  must  be  able  to  locate  all  your  lift  stations  and 
at  all  times  k^^ow  how  they  are  being  kept  in  gcxi  working  condition.     You  need  good  maps 
of  your  distribution  system  to  show  you  pipe  sizes  and  where  force  mains  are  located. 
Copies  are  kept  on  hand  for  field  crews.     The  gate  valve/hydrant  record  should  contain 
enough  detailed  information  about  each  valve  in  the  system  so  the  valves  can  be  found 
and  operated  quickly  at  any  time. 

''astewater  records  are  an  important  part  of  plant  operation.     You  found  that  AF 
Forms  1462  and  1463  are  monthly  operating  logs.     AF  Form  1465  is  used  at  all  installa- 
tions which  have  a  treatment  plant  with  the  exception  of  septic  tanks.     AF  For^  1463 
supplements  Form  1462  at  plant r  using  secondary  treatment.     Daily  logs  are  changed  every 
day  on  the  morning  shift  at  yr   r  wastewater  plant. 
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3770  Technical  Training  Group  PC  J3ABR56631  000-IV-l 

Civil  Englneerl.ig  Training 
Sheppard  Air  Force  Base,  Toxas 

CHARACTBKISTICS  OF  WASTfiWATErt 

OBJECTIVE 

Oivun  Information  concerning  tha  c^aracterlstic&^  2nd  composition  of  wastowater  and 
n  list  of  Incompletv?  statc^ments  and  phr-dses ,  write  the  terms  or  phrases  to  complete  each 
st.at<»mont.     Fifteen  of  the  twenty  statements  must  be  correct, 

RKFEIiKNCKS/  KQU  [  PMKNT/  MATKK  lALS 

SW  J3Allll566r;l  000-IV-l  thru  11 
AFM  91-32 

\ 

INSTRUCTIONS: 

!•      This  progress  check  contains  20  Items,  you  must  correctly  answer  15  in  order  to 
receive  a  satisfactory  rating. 

2.  When  you  have  completed  this  pro^jiress  check,  return  It  to  your  Instructor. 

3.  -     If  you  have  no  questions,  begin  your  progress  check. 

DIRECTIONS 

Fill  in  the  cMTHct  terra  or  phrase  which  will  complete  the  following  statements. 
You  may  usc»  AKM  91-32  and  your  study  guide  for  assistance. 

The  NPDES  limits  that  Is  published  by  the  EPA  state  the   

  pollutants  discharge  limits. 

The  extent  of  water  pollution  control  depends  on  the   

  by  regulatory  agencies. 

Composition  of  most  materials  In  wastewater  are  expressed  In     

  which  tells  the    of  the  wastewater. 

The  physical  characteristics  of  wastewater  are  , 

 .  and  . 

Changes  in  wastewater  temperatures  will  affect  the   

 ,  and  

The  color  of  wastewater  with  D.O.  present  will  normally  be   

Domestic:  wastewater  will  normally  »mve  a      odor. 

Most  Industrial  wastes  need   prior  to  being 

Introduced  into  a  collection  system. 
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9.      The  roost  common  types  of  solids  in  wastewater 


are 


and 


10.    Thf.  clHimloal  chare terlstics  of  wastewater  that  are  of  spc^oLal  comu^rn  to  plant 
operators  are  , 


11.  Bacteria  in  wastewater  that  contains  D.O.  are  called    bacteria. 

12.  Bacteria  in  wastewater  that  contains  no  D.O.  are  called    bacteria. 

13.  The  nutrients  present  in  domestic  wastewater  are    and 

14.  These  nutrients  cause    _^   of  in 

rece  i  vi  ng  wa  terway s .  — —   

15.  Three  biological  organisms  present  in  wastewater  are  _ 
and  , 

16.  Tests  for  total  coll  form  and  fecal  coll  form  are  used  to  indicate  the  prosonoe  of 


17.  Bacteria  that  can  live  with  or  without  the  presence  of  o.O.  In  w?istowator  are 
called  bacteria. 

18.  Viruses  in  wastewater  can  be  renaoved  by  , 
 .  f  and  . 

19.  Parasites  can  generally  be  removed  from  wastewater  by   


or 


20.    Three  sources  of  wastewater  originate  from  , 
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3770  Technical  Training  Group 
Sheppard  Air  Forct?  Rase»  Texas 


PC  J3ABU5663I  000-IV-2a 


WASTEWATER  PLANT  SAFETY 


OBJECTIVE 


Given  a  list  of  unsafe  conditions  and  violations,  select  the  s&fo  rule  or  practice 
to  eliminate  the  violation.    Seven  of  ten  must  be  correct. 

REFEKKNCES/ EQU I PMENT/ MATER lALS 

None 

INSTRUCTIONS 

1.  This  progress  check  contains  ten  i terns »  you  must  correctly  answer  seven  in  order  to 
receive  a  satisfactory  rating. 

2.  When  you  have  completed  the  progress  check,  return  it  to  your  instructor. 

3.  If  you  have  no  questions,  begin  your  progress  check. 


DIRECTIONS: 

Rf*ad  the  iinsiifH  conditi  on  or  act  in  Column  A  and  select  the  correct  safety 
statement  from  Column  B  to  eliminate  the  unsafe  condition.     Items  in  Column  B  may  be 
used  once,  more  than  once  or  not  at  all. 


2. 


8. 


9. 


COLUMN  A 

An  operator  has  splashed  a  chemical  in  his/her 
eyes. 

An  oporat'or  wants  to  know  how  to  identify  and 
f»llmlnate  un?iealthy  conditions  and  to  protect 
property. 

While  working  in  a  lift  station,  the  operator  has 
become  dizzy  and  weak,  short  of  breath. 

The  noise  from  a  standby  engine  is  hurting  your 
ears  and  giving  you  a  headache. 

A  chlorine  cylinder  fell  on  your  foot  during 
loading  ac^tlvltios.    Serious  injury  has  occurred* 

Y«>u  recognize  that  your  co-worker  is  in  the  state 
of  electrical  shock.  What  is  the  first  action  to 
take  • 


Complaints  are  brought  to  your  attention  from 
other  plant  operators  concerning  which  water  line 
contains  potable  water. 

Thc^  wattir  traps  In  digester  gas  collection  equip- 
ment are  Inoperative  due  to  freezing. 

After  a  new  plant  has  been  built »  you  should 
insurw  that  all  aeration  tanks,  open  pits  and  wells 
are  equipped  with  what  two  safety  items. 


COLUMN  B 

a.  Safety-toe  shoe 

b.  Read/ know  OS HA 
recommendations 

c.  Use  an  oxygen  feed 
device 

d.  Use  emergency  eye 
wash 

e.  Rubber  boots 

f.  Use  goggles  or  face 
shield 

g.  Cotton  plugs 

h.  Read/ know  AFOSH 
regulations 


1.  Use  emergency  shower 

j.  Wear  a  filter  mrisk 

k.  Ear  plugs 

1.  Non-skid  shoes 

ra.  Give  CPR  immediately 
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10.    You  observe  an  operator  cl'^aning  the  trickling 
filter  unit  as  the  wastewater  is  flowing  through 
the  rotating  arms. 


n.      Guard  rails  and  life 
prijs«rvers 

o.       Lights  and  walkways 

p.      Use  color  coding  and 
signs 

q.      Stop  the  bleeding 

r.      Use  antifreeze 

s.      Uso  printed  arrows 

t.      Remove  live 
conductor 

ti.      Anchor  or  tie  down 
the  distributors 
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3770  Technical  Training  Group  PC  J3ABR56631  000-IV-3a 

Sheppard  Air  Forco  Base,  Texas 

POLLUTION  CONTROL  POLICIES  AND  PROGRAM 

OBJECITVE 

Given  infornaition  concerning  Environmental  Pollution  Control  Policies  and  Programs 
and  a  list  of  Incomplete  statements,  write  the  phrase  or  term  to  complete  each 
statement.     Seven  of  teii  must  be  correct. 

KKKKKKNCES/KQUIPMENT/MATKRIALS 

SW  J3AI)Rf>H«3l  OOO-IV-l  thru  11 

INSTRUCTIONS: 

1.  This  progress  check  contains  ten  Iti^ms.    Y<>u  must  correctly  answer  seven  in  order 
to  receive  a  satisfactory  rating. 

2.  When  you  have  completed  this  progress  cheeky  return  it  to  your  instructor. 

3.  If  you  have  no  questions,  begin  your  progress  check. 

DIRECT IONS: 

Using  yoL:r  study  guide  select  the  correct  phrase  or  term  that  will  complete  the 
incomplete  statc?ments  pertaining  to  pollution  policies  and  controls. 

1.      Under  Exc?cutive  Order  11752,  the  President  has  stipulated  that   


2.  I>ermi  t  Is  not  a  license  to   

3.  Wastewater  pollution  controls  set  a  limit  on  the  plant    to 

the  . 

4.  Three  types  of  records  kept  for  a  wastewater  treatment  plant  are    , 

 a-nd  records  • 

5.  Plant  reports  and  lab  records  must  be  kept  for  at  least   

6.  Local  agencl(*s  are  run  by  the  of  the  community. 

7.  The  state;  has  the  power  to  ,  to    and 

 the  sources  of  pollution. 

^*      The  issues  permits  to  prevent,  reduce  and  do  away  with   


The  Is  required  to  have  nationwide  wastewater  effluent 

limi tatlors. 

10.    The  purpose  of  having  wastewater  treatment  is  to  have  wastewater  released 

 without  bad  ^  and  of  the  str«;am. 
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3770  Technical  Training  Group 
Sheppard  Air  Porco  Ba8e»  Texas 


PC  J3ABR56631  000-IV-3b 


POLLUTION  CONTROL  POLICIES  AND  PROGRAM 


OUJECITVB 


Given  informition  related  to  hazardous  waste  material,  eelect  the  phrase  or  terra 
which  correctly  answers  the  written  statements.    Seven  of  the  ten  raust  be  correct. 

REFERENCKS/  EQaiPlfENT/  MATERIALS 

None 

INSTRUCTIONS: 

1.  This  progress  check  contains  ten  items.    You  must  answer  seven  correctly  in  order 
to  receive  a  satisfactory  rating, 

2.  When  you  have  completed  this  progress  check  return  it  to  your  instructor. 

3.  If  you  have  no  questions,  begin  your  progress  check. 
DIRECTIONS: 

Coraplote  the  statements  in  Column  A  by  selecting  the  proper  terra  or  phrase  from 
Column  B.    Answors  may  be  used  once,  more  than  once  or  not  at  all. 


1. 


5. 
6. 
7. 


COLUMN  A 

The  eight  most  coramon  problems  in  hazardous 
wastes  are: 


Methods  used  to  treat  hazardous  wastes  are: 


a. 
b. 


When  areas  of  the  body  rome  in  contact  with  hazard- 
ous chemicals »  one  should  wash  the  contact  area  for 


To  protect  the  health  and  comfort  of  the  public, 

sewage  raust  be  ,  ^  and 

  without  croa ting  a  nuisance  or 

health  ^hazard . 


Solvents  in  water  will  cause 
problems 

Pesticides  and  herbicides  are 
and  to  living  organisms. 


and 


to  man 


Grease  and  oil  in  wastewater  can  be  controlled  by 
.   or    methods. 


COLUMN  B 

a.  Collected 

b.  Soluable  organ ics 

c.  Taste 

d.  Heat 

e.  15  mln  to  2  hours 

f.  Odor 

g.  Soluable  minerals 

h.  Treated 

i.  Substances  that  burn 
and  explode 

J.  Poisonous 

k.  Toxic  substances 

I .  Chemical  treatroen t 

ffl.  Disposed 

n.  Color  and  turbidity 
o.  5  mln  to  1  hour 
p.  Oil,  grease,  scum 
q.  Physical  treatment 
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A  sudden  discharge  of  heatod  water,  thermal 
pollution,  to  bodies  of  water  can  effect 
  life. 


Excessive  detergents  may  cause 
aeration  tanks. 


in 


Acids  and  alkallnes  can  be  treated  by 


r.  Acids  and  alkalines 

s.  FisK  and  shell 

t.  Frothing 

u.  Chemical 

V.  Neutralization 


3770  Technical  Training  Group 
(Civil  Engineering  Training) 
Sheppard  Air  Force  Base,  Texas 


PC  J3ABR56631  000-IV-4a 


OBJECTIVE 


OPERATION  AND  MAINTENANCE  OP  SEPTIC  TANKS 


Given  a  list  of  statements  concerning  the  construction  features:  operational 
practices  and  nalntenance  of  septic  tanks,  complete  each  statempnt.    Ten  of  fifteen  must 
De  correct^ 

REFERENCES/ EQUIPMENT/  MATERIALS 
None 

INSTRUCTIONS: 

1.  This  progress  check  contains  fifteen  items.    You  must  answer  ten  correctly  in 
ok-der  to  receive  a  satisfactory  rating. 

2.  When  you  have  completed  this  progress  check  return  it  to  your  instructor. 

3.  If  you  have  no  questions,  begin  your  progress  check. 

DIRECTIONS: 

^he  following  statements  la  Column  A  with  the  correct  term  or  phrase  is 
Column  B.     Thn  term  or  phrase  may  be  used  once,  more  than  once  or  not  at  all. 


4. 

5. 

6. 

7. 
8. 

9. 

10. 
11, 


COLUMN  A 

Small  soptic  tanks  should  have  capacity  to  detain 
wastewater  for   hours. 


From 


to 


percent  of  suspended  solids 


remain  in  the  septic  tank  effluent. 

A  title  field  consists  of    in  the  ground 

^^^^   used  to  dispose  of  settled 

wastewater  into  the  ground. 

For  proper  function  of  a  tile  field  the  water  table 
must  be  the  level  of  the  tile  field. 


Placing  tile   

Is  NOT  necessary. 


the  frost  line  to  prevent  freezing 


Pipe  size  from    to    inches  in  diameter  is 

recommended  for  tile  f lelds. 

Tile  pipe  should  be  laid  to  a  true    and   • 

Trenches  in  clay  soil  with  a  mixture  of  gravel  should 
 than  soil  composed  of  sand  or  loom. 

Tile  fields  may  be  protected  against  crushing  by 
erecting   ^  or   , 

A  dosint;  siphon  Is  a    device  that 

waste^a^ter  trom  the  primary  to  the  secondary  system. 

Inspect  t.tin       septic  tanks  should  be  inspected  at 
period?v  of    flovs. 
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COLUMN  B 

a.  line,  grade 

b.  Pipe  (line) 

c.  smaller 

d.  40  60 

e.  less 

f.  below 

g.  24 

h.  open  joints 
1 •  fences 

j-  4,  6 

km  transfers 

1«  wider 

m.  posts 

n.  high 

o.  manholes 

p*  mechanical 

sludge,  scum 


EKLC 


875 


12.  Sludge  removea  from  a  septic  tank  may  be  disposed  of 

 ^  .  •  r.      are  not 

13.  The  addition  of  chemicals  to  septic  tanks    ».  burial 

recommended . 

14.  Records  of  septic  tanks  Include  data  about    ^* 

 •  u.  small 

m.    Septl^r  tanks  may  he  used  at   installations. 


87j 
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3770  Technical  Training  Group 
(Civil  Engineering  Training) 
Sheppard  Air  Force  Base,  Texas 


OHJKCTIVB 


PC  J3ABR56631  000-IV-5a 
OPERATION  AND  MAINTENANCE  OF  PRETREATMENT  UNITS 


Given  Infornution  pertaining  to  pretreatroent  units  and  processes,  match  the  terras 
and  phrases  to  each  type  of  processing  unit.    Ten  of  fifteen  must  be  correct. 

REFERENCES/ EQUIPMENT/ MATERIALS 

None 

INSTRUCTIONS: 

1.  This  progress  check  contains  fifteen  items.    You  must  answer  tea  correctly  in 
order  to  receive  a  satisfactory  rating. 

2.  When  you  have  completed  this  progress  check  return  it  to  your  instructor. 

3.  If  you  have  no  questions,  begin  your  progress  check. 
DIRECTIONS: 

Complete  the  following  statements  in  Column  A  with  the  correct  term  or  phrase  from 
i^oiumn  B. 

COLUMN  A 


COLUMN  B 


Groasf!  rc*moved  from  grease  traps  is  usually 
or 


All  drains  from  flightlines.  motor  pools  and  other 
activities  that  discharge  oily  wastes  must  have 
  installed  at  each  effluent.  — 


Three  types  of  piping  systems  designed  to  carry 
wastew?it.i*r  to  the  plant  are  ^    ,  and 


6. 


8. 


10, 
11. 

12. 
13. 


A  device  installed  in  the  collection  system  to  prevent 
damage  to  plant  equipment  or  clogging  of  wastewater 
lin»?s  is  a   . 

Wastewater  collection  system  s^^arts  in  a  building 
and  thrtn  empties  Into  a  pipe. 

The    or   sewer  Is,  a  large  pi  »  which 

receives  the  flow  from  sub-mains  and  laterals, 

Wasterwater  collection  systems  use  mostly 
  to  move  the  wastewater^ 

The  amount  of  vntstewater  than  can  be  carried  depends 
^«  the  and        '   of  the  pipe. 

A  must  never  be  allowed  between 

the  sewer  and  drinking  water  lines. 

A    is  used  to  let  the  operator  inspect  and 

clean  the  sewer  lines. 

Four  common  problems  with  the  operation  of  collection 
system  are  .    .  and 


Lift  stations  are  used  where 
possible. 


flow  is  not 


EKLC 


Is  used  to  hold  inconing  llquds. 
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a. 

sanitary  sa^MVH 

b. 

manhole 

c. 

burned 

d. 

min ,  trunk 

e. 

infiltration 

f . 

storm  sewers 

gravity  flow 

h. 

buried 

i. 

breaks/leaks 

J. 

oil  traps 

k. 

odor 

1. 

combincKl  sewers 

m. 

lateral 

n. 

size*  shape 

o. 

screen 

P- 

rainfall 

q. 

c  ros  s-con  n  ec  t  io  n 

r . 

roots 

s. 

gravity 

t. 

grease/trash 

u. 

dry  well 

COLUMN  A  COLUMN  D 

^  „  ^  is  used  to  house  oquipment  /or  grit 

inspection  ana  maTntenance, 

w  •  t  wo  1 1 

Pumps  used  at  lift  stations  are  usually   or 

X.  centrifugal, 
ejector 
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3770  Tochnical  Training  Group 
(Civil  Engineering  Training) 
.Sheppard  Air  Force  Base,  Texas 


PC  J3A6R56631  000«*IV-6a 


OPERATION  AMD  MAINTENAWCE  OF  PKELIMINARY  TREATMENT  UNITS 


OBJECTIVE 

noiftjnstrate  a  knowledge  of  the  purpose  of  preliminary  treatment  imits  and 

subsystems  by  makintj  written  responses  to  questions  that  pertain  to  preliminary 

wsistewater  treatment.     Seven  of  ten  responses  must  be  correct. 

R  «P  KRB  NC  ES/ KQU I PMENT/ MAT  KR lALS 

SW  J3ABR56S31  000-IV-i  thru  11 
AFM  91-32 

INSTRUCTIONS: 

1.  This  pr<igress  check  contains  ten  items.    You  must  answer  seven  correctly  in  order 
to  receive  a  satisfactory  rating. 

2.  When  you  have  completed  this  progress  check  return  it  to  your  instructor. 

3.  If  you  have  no  questions,  begin  your  progress  check. 
OIRECTIONS: 

Use  your  study  guide/ workbook  and  AFkv  31-32  to  write  short  statements  answering 
each  question. 

I.      What  is  the  purpose  of  a  bar  screen? 


2z      Coarse?  screens  are  used  to  remove  what  type  of  solids? 

3.  Fine  screens  are  used  to  remove  what  type  of  solids? 

4.  What  two  methods  are  used  to  clean  bar  screens? 


5.  What  is  the  purpose  of  grit  removers  (chambers)?   

6.  What  is  the  purpose  of  a  shredder,  grinder  of  comminutor? 

7«  What  is  the  recommended  preaoration  period?  

8.  How  is  grease  removed  from  wastewater  during  the  preaeration  process? 

9.  What  type  materials  is  removed  when  using  vacuum  flotation?    _ 

10.  What  device  Is  used  to  measure  flow  in  open  channels?   
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3770  Technical  Training  Group 
(Civil  Engineering  Training) 
Sheppard  Air  Force  Base,  Toxas 


PC  J3ABR56831  000-IV-6b 


OPERATION  AND  MAINTENANCE  OP  PRELIMINARY  TREATMENT  UNITS 


OHJKrri VK 

Using  InfornntLoti  providedp  list  the  required  nalntenance  for  screens,  grit 
removers,  shredders  and  prea«rators  according  to  APM  91-32.     Six  of  ten  must  be  correct. 

REFERENCES/ EQU I PMENT/ MATER I ALS 

APM  91-32 

INSTRUCTIONS: 

1.  This  f)r«9^r<>ss  crhurk  contains  ten  Itoms.     You  must  answer  six  Items  correctly  In 
order  to  rocelvo  a  satisfactory  rating. 

2.  When  you  have  completed  this  progress  check  return  it  to  your  instructor. 

3.  If  you  have  no  questions,  begin  your  progress  check. 
DIRECTIONS: 

Use?  AFM  91*32  to  answer  the  following  questions  pertaining  to  the  maintenance  of 
preliminary  treatment  units? 

1.  How  often  should  bar  screens  (trash  racks)  be  inspected  and  raked?   

2.  How  should  screenings  (rags,  etc.)  be  disposed  of  properly?   

3.  Three  maintenance  requirements  performed  on  mechanically  cleaned  bar  screens  are 


4.      What  are  the  maintenance  requirements  for  proper  operation  and  care  of  coraminutors 
and  barminutors? 


5.      What  action  Is  taken  If  the  sharpening  and  realigning  of  cutting  edges  on  a 
comminutor  fall  to  give  good  results?  


6.      What  dally  inspections  are  performed  on  aerated  grit  chambers? 


7.      What  action  should  be  taken  If  sand,  silt  and  gravel  are  found  In  tha  primary 
elarlfler? 


and 
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What  is  the  likely  cause  of  a  comraiiiutor  or  barirainutor  not  operating? 


9.      What  action  should  be  taken  if  improper  shredding  or  unusual  vibrations  and  nolso 
is  noticed  from  a  corominutor  or  barminutor? 


10.    What  action  should  be  taken  if  ice  has  coated  the  roachlnwry  tracks  and  guides? 
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3770  Technical  Training  Group 
(Civil  Engineering  Training) 
Sheppard  Air  Force  Base»  Texas 


PC  J3ABR56631  000-IV-6c 


OPERATION  AND  MAINTENANCE  OP  PRELIMINARY  TREATMENT  UNITS 


i>ii .»!'«•  r  I  VI* 

Using  AKM  91-32,  solv*:  three  operational  problems  concerning  the  preaeration  unit 
on  the  preliminary  treatment  process. 

RKFKKBNCKS/EQU  I  PMENT/ MATERIAL  '■ 

APM  91-32 

INSTRUCTIONS: 

1.  This  progress  check  contains  three  items.    You  must  answer  all  of  them  in  order 
tc>  ro(-(»ive  a  satisfactory  rating. 

2.  When  you  have  completed  this  progress  check  return  it  to  your  instructor. 

3.  If  you  have  no  questions,  begin  your  progress  check. 
DIRECTIONS: 

Below  are  three  operational  problems  concerning  the  preaeration  unit  of  preliminary 
treatment  process.     You  may  use  APM  91-32  to  obtain  the  solution. 

1.  What  determinines  if  preaeration  is  required? 

2.  What  purpose  does  preaeration  serve? 

3.  If  a  preaeration  unit  contains  no  air  bubbles,  what  is  this  an  Indication  of? 
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3770  Technical  Training  Group 
(Civil  Knglnnoring  Training) 
Sheppard  ALr  Force  Base,  Texas 


PC  J3ABR56631  000*IV-6d 


opKuvrroN  and  maintknancr  op  phkuminaky  trkatmknt  units 

(MiJECTIVK 

While  on  a  field  trip  to  a  local  municipal  wastewater  treatment  plant,  nunltor  the 
operation  of  the  grip  remover  and  screen/ shredder.    Use  a  checklist  to  evaluate 
proceduros  against  the  standards  set  forth  in  AFM  31-32.     Student's  checklist  must 
correspond  to  60%  of  the  entries  made  by  the  instructor's  evaluation  of  each  item. 

REPBRENCKS/ KQU I PMENT/ MATER lALS 

APM  9U32 

INSTRUCTIONS: 

1.  This  progress  check  will  be  accomplished  under  actual  field  conditions  at  a  local 
wastewater  plant* 

2.  Using  the  attached  checklist,  you  must  actually  evaluate  the  operation  of  the  items 
listed  on  the  checklist. 

3.  Your  answers  must  correspond  to  60%  of  the  evaluation  of  the  instructor's  assess- 
ment of  the  operation. 

4.  When  you  have  completed  this  progress  check,  return  it  to  your  instructor. 

5.  If  you  have  no  questions,  begin  your  progress  check. 
DIRECTIONS: 

As  a  wastewater  plant  operator,  you  must  be  aware  of  the  changing  conditions 
effecting  the  efficient  operation  of  wastewater  equipment.    This  progress  check  is 
designed  to  t<jst  your  ability  to  recognize  operational  and  maintenance  areas  concerning 
the  equipment.    Your  instructor  will  be  accomplishing  a  checklist  also.    Your  checklist 
must  agree  within  60%  of  the  instructor's  checklist  on  each  item  in  order  to  receive  a 
satisfactory  rating  on  this  progress  check. 

GRIT  REMOVERS 

1.  Is  water  entering  the  unit  evenly? 

2.  I8  the  mechanical  grit  remover  in  operation? 

3.  Is  pre-chlorination  taking  place  in  the  grip  chardber? 

4.  Are  trash  and  rags  left  on  the  grip  chamber  chain? 

5.  Does  unit  have  proper  propertional  wier? 

SCREENS  AND  SHREDDERS 

1.  Is  screen  properly  set  for  receiving  flow? 

2.  Is  screen  raked  and  clean? 

3.  Are  proper  gates  open  to  allow  flow  to  enter  the  screen? 

4.  Are  cleaning  tools  in  a  safe  place? 

5.  Is  Rarmuiiuter  in  operation? 
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3770  Technical  Training  Group  PC  J3ABR56631  000-IV-7a 

Civil  Rnglnnerlng  Training 
Shf^ppard  Air  Force  Base,  Texas 

OPERATION  AND  MAINTENANCfc*  OP  PRIMARY  T^^KATIiENT  UNITS 

OBJECT  I VK 

While  visiting  a  municipal  wastewater  plant,  observe  the  operation  of  the  plant  and 
equipment.  Use  a  schermtlc  to  trace  the  flow  through  the  system  and  a  checklist  to  list 
the  maintenance  and  safety  Items  with  no  more  than  three  Instructor  assists. 

REFERENC  ES/ EQU I PMBNT/ MATERIALS 

None 

INSTRUCTIONS: 

1.  This  progress  check  contains  three  parts,  consisting  of  nineteen  Items.    You  must 
answer  all  Items  correctly. 

2.  You  are  authorized  three  Instructor  assists. 

3.  Wh'in  you  have  completed  this  progress  check,  return  It  to  your  Instructor. 

4.  If  tht>n*  are  no  questions,  begin  your  progress  check. 
DIRECTIONS: 

Study  the  Illustration  of  tho  sewage  lift  station  at  Wichita  Falls,  In  figure  7-1, 
and  place  the  number  from  the  figure  by  the  name  of  the  component  In  the  space  provided. 

  Measuring  device 

  Electric  motors 

  Air  compressors 

  Screens  and  shredders 

  Wet  well 

  Control  panel 

  Pumps 

  Ventilation 

  Swing  lift  valves 

Fresh  water  tank 
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Figure  7-1.     Lift  Station 
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PART  2 

INSTRUCTIONS 


During  the  Field  Trip  list  any  discrepancies  noted. 

What  discrepancies  in  operation  and  maintenance  did  you  witness  on  the  field  trip? 


a. 
b. 
e. 
d. 
e. 
f . 


PART  3 


INSTRUCTIONS 


fi^„^l^H         illustration  of  the  63  wastewater  plant  at  Wichita  Falls.  Texas,  in 
figure  7-2  and  place  the  number  from  the  figure  by  the  name  of  the  component  In  the 
space  provided,    some  nami»8  are  used  more  than  once. 

  Grit  chamber    Primary  dlsgest.jr 

  Distribution  box    Secondary  digester 

  Sludge  pump  room    Sludge  drying  beds 

  Primary  clarifier    Boiler  room 

  Secondary  clarifier    Influent  from  lift-station 

 Trickling  filter  Rffluent 


88. 
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Figure  7-2.    Wastewater  Plant 
  STOP   

Before  proceeding  any  further,  have  the  instructor  check  your  work. 

  Instr  Initials 
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3770  Technical  Training  Group 
Civil  Engineering  Training 
Sh«^ppard  Air  Force  Base,  Texas 


PC  J3ABR56631  000-IV-.7b 


OPL^RATION  AND  MAINTENANCE  OP  PRIMARY  TREATMENT  UNITS 


OBJECTIVE 


Using  given  information,  a  sampling  device  and  working  as  a  team    collect  a 
wastewater  and  a  sludge  sample  from  various  sampling  point!  "tSin  ^h^  w?th  no 

more  than  two  instructor  assists.  F^ain.,  wlwu  no 

REFEHKNCES/ EQUIPMENT/  MATERIALS 
APM  91-32 

Wastewater  Sampler,  ( l  ea  tuam) 
INSTRUCTIONS: 

l.      This  progress  check  consists  of  collecting  wastewater  and  sludge  samples.  You 
must  collect  the  samples  in  accordance  with  APM  91-32. 

pJog^oL^checi!''''  '""^  instructions  will  result  in  an  unsatisfactory  rating  on  this 


3, 
4. 


When  you  have  completed  this  progress  check,  return  it  to  your  instructor, 
If  you  have  no  questions,  begin  your  progress  check. 


DIRECTIONS: 

oi^Hrlf^'oi®  'iu^^  ^^^^       ^  wastewater  plant,  collect  a  wastewater  sample  and  a 

cillectS  fiom  ^^''''^  '^"^  "^^""^  ^'^^''^ 


SAMPLE 
Raw 

Primary 

Secondary 

Pinal 


WASTEWATER 


SAMPLING  POINT 


SAMPLE 
Raw 

Dlgestor 
nigest(ic] 


SLUDGE 


SAMPLING  POINT 


Inst,  initials 


EKLC 
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3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  Air  Force  Base,  Texas 


PC  J3ABR56631  000-IV-7c 


OPERATION  AND  MAINTENANCE  OP  PRIMARY  TREATMENT  UNITS 

OBJECTIVE 

Following  written  instructions,  identify  the  operation  of  primary  wastewater 
trea*;Daent  units  by  making  written  responses  to  questions  according  to  AFM  91-32.  Seven 
of  the  ten  answers  must  be  correct. 

REFERENCES/ EQUIPMENT/ MATERIALS 
None 

INSTRUCTIONS: 

1.  This  progress  check  consists  of  ten  units.    You  must  answer  seven  of  them  correctly 
in  order  to  receive  a  satisfactory  rating  on  this  progress  check. 

2.  When  you  have  completed  this  progress  check  return  it  to  your  instructor. 

3.  If  you  have  no  questions,  begin  your  progress  check. 
DIRECTIONS: 

Complete  the  following  questions  which  pertain  to  primary  treatment  by  making  short 
written  statements  to  each  question. 

I.      What  ar«^  primary  clarLfLi^rs  (settling  tanks)  used  for  in  wastewater  treatment? 


2.      What  are  the  three  types  of  settling  tanks? 


3.      How  i.s  sludge  removed  in  primary  settling  tanks? 


4.      What  are  three  major  construction  features  of  an  Imhoff  tank? 


5.      What  aru  the  three  types  of  digesters? 


6.  What  Is  the  purpose  of  a  drying  bed?   

7.  Why  is  a  fork  recommended  rather  than  a  shovel  when  removing  dried  sludge  from  the 
drying  beds?   

8.  How  can  wet  sludge  be  used  or  disposed?   

9.  What  Is  the  purpose  of  a  flame  trap?  


10.    What  material  is  used  on  the  media  of  a  bacuum  filter  drum? 


7-9 


EKLC 


886 


3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  Air  Force  Base,  Texas 


PC  J3ABR56631  000-IV>7d 


OPERATION  AND  MAINTENANCE  OP  PRIMARY  TREATMENT  UNITS 

obje6tive 

«,ooi.  written  instructions,  list  the  nintenance  practices  of  primary 

l^  lV         treatment  units  by  making  written  responses  to  Suestions  aocordi^J^to  APM 

91-32.    Eight  of  twelve  responses  must  be  correct.  aoouruxug  co  arM 

KKPBRENCES/EQUIPMKNT/MATERIALS 

AFM  91-32 

INSTRUCTIONS: 

1.  This  progress  check  contains  twelve  items.    You  must  answer  twelve  correctly  in 
order  to  receive  a  satisfactory  rating.  ^orrei^cxy  in 

2.  When  you  have  completed  this  progress  check  return  it  to  your  instructor. 

3.  If  you  have  no  questions,  begin  your  progress  check. 

DIRECTIONS: 

..nit«^2IJ*n!M*''\i!°^^°"^"'^.?"*''"°"  pertaining  to  the  maintenance  of  primary  treatment 

It  nl  ^i'*""*         corrective  actions  to  take  for  each  situation.    You  may  use  AFM 
91-32  Chapters  4  and  13  for  assistance. 

1.  What  actions  should  be  taken  if  settleable  solids  are  passing  over  the  sffluent 
weir  of  a  settling  tank?   

2.  What  actions  should  be  taken  In  cleaning  the  sidewalls  of  settling  tanks? 


3.  What  maintenance  procedures  are  taken  to  care  for  "dead-ends"  and  corners  of 
settling  tanks?  

4.  How  is  scum  removed  and  disposed  of  during  the  care  of  an  Imhoff  tank? 


5.      How  can  floating  solids  and  foam  be  controlled  in  the  settling  tank  of  an  imhoff 
tank? 


6.      If  the  sludge  outlet  pipe  of  an  Imhoff  tank  becomes  clogged,  what  action  chould 
you  take  to  unclog  the  line? 


7.      What  maintenance  procedure  should  be  taken  if  excess  grit  is  accumulated  in  an 
anaerobic  digester?  ^  
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What  maintenance  procedure  should  be  taken  if  watery  sludge  is  being  discharged  tt> 
the  drying  beds  or  units?   


9.      II  the  underdrains  of  a  drying  bed  is  crushed  or  has  collapsed,  what  maintenance 
actions  should  be  taken? 


10.    How  often  should  the  vacuum  filter  medium  be  cleaned? 


!!•    How  is  excess  grease  and  oil  removed  from  the  filter? 


12.    If  odors  and  foaming  is  noticed  around  the  parts  of  the  filter,  filter  room  and 
sludge  lines,  what  maintenance  action  should  be  taken? 
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3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  Air  Fo'^ce  Base,  Teix&s 


PC  J3ABR56631  000-IV-7e 


OPERATION  AND  MAINTENANCE  OP  PRIMARY  TREATMENT  UNITS 

OBJECTIVE 

Given  five  statements  concerning  the  grease  and  volatile  acids  test,  indicate  if 
the  statements  are  true  or  false.    Three  of  the  five  statements  must  be  correct. 

REFERENCES/ EQUIPMENT/ MATERIALS 

None 

INSTRUCTIONS: 

1.  This  progress  check  contains  five  statements  which  you  are  to  indicate  whether 
they  are  true  or  false.    You  must  answer  three  of  the  five  correctly  in  order 
to  receive  a  satisfactory  rating. 

2.  If  there  are  no  questions,  begin  your  progress  check. 

3.  When  you  have  completed  this  progress  check,  return  it  to  your  instructor. 
DIRECTIONS: 

Identify  whether  the  following  statemoats  concerning  grease  and  volatile  acid  tests 
are  true  or  false  by  placing  a  "T"  for  true  or  an  "F"  for  false  in  front  of  the 
statement. 

!•    Volatile  acid  tests  measure  the  acid  content  of  the  sludge. 

2«    Volatile  acid  tests  are  valuable  to  maintain  digester  control. 

3»    Volatile  acid  t«sts  uses  a  hot  plate  as  a  piece  of  equipment  needed  to  run  the 

test, 

4.    To  run  a  lab  grease  tost  you  must  have  at  least  1000  ml  of  sample. 

5*  Holding  time  for  a  grease  test  sample  should  not  exceed  24  hours. 


EKLC 
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3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  Air  Force  Base,  Texas 


PC  J3ABR56631  000-IV-8a 


OPKli^TION  AND  MAINTENANCE  OP  SECONDARY  TREATMENT  UNITS 


OBJECT!  VK 


Given  a  list  of  Incomplott?  statements  and  a  Hat  of  terras  and  phrases  relative  to 
Mio  operation  of  trickling  filters,  complete  the  statements  lAW  APM  91-32.    Eight  of 
twelve  completed  statements  must  be  correct. 

R  BPER  E  NCE  S/ KQU I PMENT/ MAT  ER I ALS 

None 

INSTRUCTIONS: 

1.  This  progress  check  consist  of  twelve  items.    You  must  correctly  answer  eight  in 
order  to  receive  a  satisfactory  rating  on  this  progress  check. 

2.  When  you  have  completed  this  progress  check,  return  it  to  your  instructor. 

3.  If  you  have  no  questions,  begin  your  progress  check. 
DIRECTIONS: 

rni,imJ''S^^^i^*i^«!ii!!?!^^o^      statements  in  Column  A  by  using  the  terms  or  phrases  in 
Column  B.    All  selections  can  be  used  once,  more  than  once  or  not  at  all. 


t. 

2. 

3. 
4. 


8. 


COLUMN  A 

Trickling  filters  remove  pollutants  from  wastewater 
by  changing  and    solids  to    sludge. 

The  film  covering  the  filter  media  of  a  trickling 
filter  Is  known  as    layer  or  _____  film. 

Trickling  filters  are  part  of  the   process. 

The  type  of  bacteria  mostly  found  to  decompose  solid 
matter  on  the  trickling  filter  media  is   


Trickling  filters  remove  solids  by 
not  by  filtration. 


action , 


6.      The  four  different  classes  of  trickling  filters  are 


The  four  main  parts  of  a  trickling  filter  are  the 
  ^  •   •   ,  and  the 


A  trickling  filter  must  have  the  right  amount  of 

  .  ,  and 

to  change  dissolved  solids  to  settleable  sol ids .~ 

A  trickling  filter  can  remove  up  to    to 

  percent  of  BOD. 


10.    Recirculation  from  the  final  clarifler  back  to  the 

trickling  filter  is  used  to    the  removal 

of 


and 


solids. 


II.     Pactors  which  can  affect  trickling  filter  operation 
are  and 


COLUMN  B 

a. 

settleable 

b. 

super-high-rate 

c . 

slime 

d. 

biological 

e. 

dissolved 

f . 

aerobic 

g- 

roughing 

h. 

zoogloal 

1. 

distribution  system 

J. 

collodial 

k. 

standard-rate 

1. 

se.t:ondary 

m. 

high-rate 

n. 

media 

o. 

food 

P* 

ponding 

q- 

85-90 

r . 

seasonal  changes 
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12.    Two  types  of  distributor  arms  are 


8. 

oxygen 

t. 

rotary 

11. 

underd rain 

V. 

fixed 

w. 

mlc  TOO  rgan  1  sros 

retaining  wall 

y- 

Increase 

z. 

temperat  ur© 
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3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  Air  Force  Base,  Texas 


PC  J3ABR56631  000-IV~8b 


OPERATION  AND  MAINTENANCE  OP  SECONDARY  TREATMENT  UNITS 


OBJECT IVB 


reaui?eiJ^!trJor'^tJl!^Citn^  a  troubleshooting  guide,  identify  the  naintenance 

r^Structor  a^^^  '^''"'^'"^  "  troubleshooting  guide  .ith  .  .aximun, 

REPKRENCES/KQUI PMKNT/ MATERIALS 

AKM  91-32 

INSTRUCTIONS: 

I. 


2. 
3. 
4. 


This  progross-  olu^ck  consists  of  five  items.  You  must  correctly  answer  all  items 
in  order  to  receive  a  satisfactory  rating  on  this  progress  check! 

You  are  authorized  one  instructor  assist. 

When  you  have  completed  this  progress  check,  return  it  to  your  instructor. 
If  you  have  no  questions,  begin  your  progress  check. 


DIRECTIONS: 

Us«  table  5-7  in  APM  91-3?  and  determine  the  action  to  take  to  correct  the 
following  operational  problems  in  trickling  filters.  correct  the 


OPERATIONAL  PROBLEM/INDICATOR 

I.      What  action  should  be  taken  If  there 
is  greaso  on  the  filter  media? 


ACTION  TO  TAKE 


a. 


b. 


2.      What  action  should  be  taken  if  leak- 
ing Is  not; Iced  around  the  center 
column? 


3.      Wiat  action  should  be  taken  if  the 
flow  through  the  distributor  arms 
are  not  uniform? 


a. 


b. 
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What  action  should  be  taken  if  an 
uneven  splash  or  spray  pattern  is 
noticed  coming  from  the  filter  arms? 


What  action  should  be  taken  if  black 
growth  and  foul  odor  are  noticed  on 
th«?  flltijp  media? 


3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  Air  Force  Base,  Texas 


PC  J3ABR56631  OOO-IV-Sc 


OPERATION  AND  HAINTENANCE  OP  SECONDARY  TREATMENT  UNITS 


OBJECTIVE 


Given  information  and  incomplete  statements  related  to  mstewater  lagoons,  write 
the  correct  term  or  phraso  to  each  statement  according  to  APM  91-32.    Six  of  the  ten 
responses  must  be  correct. 

KEPBRKNCES/ EQU I PMENT/ MATRR I ALS 
None 

INSTRUCTIONS  : 

1.  This  progress  check  consists  of  ten  items.    You  must  correctly  answer  six  in 
order  to  receive  a  satisfactory  rating  on  this  progress  check. 

2.  When  you  have  completed  this  progress  check,  return  it  to  your  instructor. 

3.  If  you  have  no  questions,  begin  your  progress  check. 

DIRECTIONS: 

stateTOirfn^Colum'^r^  ^^^^       phraso  from  Column  B  which  applies  to  the  incomplete 


COLUMN  A 


COLUMN  B 


1.      Bacteria  in  lagoons  may  be  either 
or 


4, 

5. 


EKLC 


stabilizing  organisms  included  in  the  processing  of 

wastewater  lagoons  are   ,   ,   , 

 f  and  some  fish.   ' 

A  iHgix^n  should  be  located  at  least  _^  

from  all  water  supplies. 


Soil  conditions  for  construction  of  lagoons  should 
b«  . 

Some  construction  features  of  lagoons  include 


and 


  bottoms. 


Surrounding  area  of  a  lagoon  should  be  kept  free 
from    and  , 

Cattails,  burr  reeds,  and  other  shallow  water  plants 

should  be  controlled  because  they  attract   

and  .  — 


A  lagoon  effluent  below  average  may  indicate 
has  developed. 


WlKit  viHual  observations  can  indicate  the  operation 
efficiency  of  lagoons? 

A. 

h. 
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a<.  algae,  bacteria 

b.  dikes 

c.  one-fourth  mile 
d »  weeds 

e.  aerobic 

f.  level 

g.  mosquitoes 

h.  protozoa,  rotifers 

i.  clear  effluent 
J.  anaerobic 

k.  sloped  walls 

1.  pourous 

ra.  muskrats 

n.  faculative 

o.  leakage  or  perculation 

p.  crustaceans ,  worms 

<i.  brush 


10.    Tests  for  good  operation  and  functloa  of  a  lagoon  r.    free-board  space 

^"clude  ,   ,  and   


R.     Insect  larvae, 
amphibians 

t.    accesses,  well 
maintained 

u.  pH,  flow 

V.  no  scum  or  grease 

w.  suspended  solids 

X.  temperature,  P.O. 
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3770  Technical  Training  Group 
Civil  Engineering  Training 
Sh'^ppard  Air  Porcu  iJase,  Texas 


PC  J3ABR56631  000-IV-8d 


OPERATION  AND  MAINTENANCE  OP  SECONDARY  TREATMENT  UNITS 


OBJECTIVE 


Define  the  activated  sludge  process  and  principles  by  Hatching  the  correct  phrase 
c^rJect       *  «^^tement  related  to  activated  sludge.    Seven  of  eleven  responses  must  be 

K  KP  ER  It)  NC  B  S/  EQU I PME  N  T/  M  A  T  KR I AL  S 
None 

INSTRUCTIONS: 

1.  This  progress  check  consists  of  eleven  items.    You  must  correctly  ansver  seven  in 
order  to  receive  a  satisfactory  rating  on  this  progress  check. 

2.  When  you  have  completed  this  progress  check,  return  it  to  your  instructor. 

3.  If  you  have  no  questions,  begin  your  progress  check. 

DlRECTIO?^S: 

Select  and  match  the  statements  from  Column  A  with  the  terms  and  phrases  in  Column 
B  which  pertain  to  activated  sludge  processes  or  principles.    Selections  can  be  used 
once^  more  than  once  or  not  at  all. 


1, 
.  2. 
3. 
4. 
5. 


9. 

10. 
11. 


COLUMN  A 

A  biological  unit  or  system  used  in 
secondary  treatment. 

A  system  that  can  remove  as  much  as  95S 
BOD. 

Affects  the  A.S.  process  more  than  some 
other  systems. 

Mlx»*H  with  the  sludge  already  in  the 
aeration  tank. 

Enough  supplied  to  k«ep  ihe  wastewater 
aerobic . 

Must  be  returned  from  the  finel  settling 
tank  to  the  aeration  tank. 

The  name  of  the  contents  in  the  aeration 
tank. 

The  nasie  of  the  liquid  and  solids  that  is 
sent  back  to  the  aeration  tank. 

The  name  of  the  ^i^olids  that  are  removed 
from  the  plant  system. 

Organisms  that  do  jiot  settle  well  or  do 
ti&t  form  a  heavy  floe.  ~ 

Three  nutrients  required  for  A.S.  procass 


COLUMN  B 

a.  influent  wa^stewater 

b.  waste  sludge 

c.  sludge 

d.  floc-forming 

e.  activated  sludge 

f .  phosphorous 

g.  mix:ed  liquor 

h.  oxygen 

i.  microorganisms 
J.  carbon 

k.  shock  loads 
I*  nitrogen 
m.  filamentous 

n.  returned  activated  sludge 
(RAS) 
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OPERATION  AND  MAINTENANCE  OP  SECONDARY  TREATMENT  UNITS 


OBJECTIVE 

faefcs^Jn^.*??^*'®*^''^^?  activiated  sludge  systems  by  natching  the  proper 

facts  to  a  list  of  various  types  of  systems.    Twelve  of  seventeen  must  be  correct^ 

REPERENC  ES/  EQU I PMENT/  MATER  lALS 

None 

INSTRUCTIONS: 

1.  This  progress  check  consist  of  seventeen  Items.    You  must  correctly  answer  twelve 
in  order  to  receive  a  satisfactory  rating  on  this  progress  check. 

2.  When  you  have  completed  this  progress  check,  return  It  to  your  instructor. 

3.  If  you  have  no  questions,  begin  your  progress  check. 
DIRECTIONS: 

THtch  the  following  statements  to  the  system  they  describe.  The  systems  may  be 
used  once,  more  than  once,  or  not  at  all.  j^^^m^  a»^y 


1. 
2. 

3. 
4. 
5. 
6. 

7. 

S. 
9. 
10. 
11. 

12. 

13. 
14. 

15* 
16. 
17. 


STATEMENTS 

  8-12  hour  aeration  detention  time 

  Reaeration  basin  has  a  longer  detention 

time  than  the  aeration  tank 

_  May  include  a  primary  settling  tank 

_  Oxidation  ditch 

  May  use  rotors  to  aerate  the  mixed  liquor 

_  Microorganisms  live  on  rotating  discs 

_  May  be  shaped  in  a  circular  construction 
similar  to  package  plants 

_  Operates  «rith  a  very  old  sludge  age 

_  Separated  into  stages  of  treatment 

_  Cement-*asbestos  plates 


SYSTEM 

a.  E3C 

b.  Conventional 

c  r    E;;tended  aeration 

d.  Contact  stabilization 

e.  Submerged  contact  aeration 


^  Has  a  short  detention  time  for  the 
wastewater 

^  Mixing  sBone,  reaeration  zone,  aerobic 
digester,  settling  zone 

Q"^y  diffused  aeration  process 

Requries  R.A.S.  for  seeding  the  aeration 
tank. 

Uses  an  intermediate  settling  tank 
Detention  time  is  at  least  18  hours 
not  require  a  digester 
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OPERATION  AND  MAINTENANCE  OP  SECONDARY  TREATMENT  UNITS 


OBJKCTIVK 


Indicate  the  corrective  action  to  take  when  operational  problems  develop  by  listing 
the  proper  corrective  action  for  each  problem  according  to  AFM  91-32.    Two  of  four  must 
be  correct. 

KEPEKENCBS/EQUI PMENT/MATERIALS 

APM  91-32 

INSTRUCTIONS: 

!•      This  progress  check  consists  of  four  Items.    You  must  correctly  answer  two  in  order 
to  receive  a  satisfactory  rating  on  this  progress  check. 

2.  When  you  have  completed  this  progress  check,  return  it  to  your  instructor. 

3.  ^-It  you  have  no  questions,  begin  your  progress  check. 


Write  the  corrective  action  you  should  take  to  correct  the  operational  problems 
listed  below.    Use  APM  91-32  for  assistance.    Problems  will  pertain  to  activated  sludge 
aoration  tanks,  settling  tanks  for  organic/hydraulic  loading  of  the  system. 


1.      Odors  are  devloping  in  the  aeration  tank. 


2.      A  white  fluffy  foam  is  noticed  in  the 
aeration  tank. 


3«      A  large  and  sudden  decrease  in  solids  in 
the  final  clarifier  is  noticed. 


4.      Clumps  of  sludy;e  are  rising  to  the  surface 
of  the  aeration  tank  and  the  D.O.  has 
dropped  -  an  odor  is  noticed.    PresuiY.e  an 
organic  overload  in  aeration  tank. 


DIRECTIONS: 


PROBLEM 


CORRECTION 
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OPERATION  AND  MAINTENANCE  OP  SECONDARY  TREATMENT  UNITS 


OBJECTIVE 

Hitch  a  list  of  incomplete  staten»nts  concerning  submerged  contact  aeration  units 
wiLfi  the  correct  terio  to  complete  them.    Three  of  the  five  statemc^nts  must  be  correct. 

REFERENCES/ BQUI PMENT/ MATERIALS 

None 

INSTRUCTIONS: 

1.  This  progress  check  consists  of  five  items.    You  must  correctly  answer  three  in 
order  to  receive  a  satisfactory  rating  on  this  progress  check. 

2.  If  you  have  no  Questions,  begin  your  progress  check. 

3*      Wlien  you  have  completed  this  progress  check,  return  It  w  your  instructor. 
DIRECTIONS: 

Complete  the  statements  in  Column  A  with  the  words  or  phrases  in  Column  B. 
Selection  may  be  once,  more  ttian  once  or  not  at  all. 


1. 

2. 

3. 
4. 
5. 


Column  A 

  are  used  to  distribute 

air  dvenfy  tGTroughout  the  basin. 

The  foam  on  top  of  a  contact  aeration 
plant  can  be  controlled  by  a  fine 
spray  of    , 

The  color  of  mixed  liquor  in  a 
wastewater  pliint  is   . 


The  type  of  bacteria  in  a  contact 
aeration  plant  is   


Dissolved  oxygen  in  a  contact  aemtion 

system  is  hept  between   

and 


Column  B 

a.  1  ppm  and  3  ppm 

b.  Water 

c .  Brown 

d  •  Aerobic 

e.  Dif fusers 

f.  Green 

g.  Anaerobic 

h.  3  ppm  and  5  ppm 

i.  Gray 

J.  Chlorine 
k.  Air 
1.  Oil 
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OPERATION  AN'D  MAINTENAWCB  OP  SECONDARY  TREATMENT  UNITS 

OBJECTIVE 

Given  flvij  statements  concerning  a  rotating  fixed  media  biological  unit,  indicate 
if  the  statements  are  true  or  false.     Three  of  the  five  statements  aust  be  correct. 

REFERKNCKS/ EQUI PMENT/ MATERIALS 

None 

INSTRUCTIONS: 

1.  This  progress  check  consist''  of  five  Items.    You  must  correctly  answer  three  in 
order  to  receive  a  satisfactory  rating  oa  this  progress  check. 

2.  If  you  have  no  questions,  begin  this  progress  check. 

3.  When  you  have  completed  this  progress  check,  return  it  to  your  instructor. 
niRECTIONS: 

3eloir  are  five  statements  coDcerning  a  rotating  fixed  media  biological  unit. 
Indicate  if  the  statement  is  true  or  false  by  placing  a  T  for  True  and  an  F  for  false  in 
the  ripace  provided  in  front  k.^  the  statement. 


!•    The  reactor  it  suomerged  a  little  less  than  halfway  in  the  v»stewater. 

2.   The  speed  of  the  reactor  is  2-4  rpra. 

3.    The  biological  process  of  the  rotatins  biological  reactors  do-not  require 

pretreatroent. 

4.    The  growth  on  the  rotating  media  is  called  bio-aass. 

5.    Solids  separation  is  normally  accomplished  in  a  conventional  final  settling 

?.ank. 
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OPERATION  AND  MAINTENANCE  OP  SECONDARY  TREATMENT  UNITS 

OBJECTIVE 

91-32  and  given  a  list  of  statements  concerning  wastewater  plant  safety 
^->rrect  the  statements  which  are  false.    Seven  of  tea  cust  brcorrect!  sarety, 

REFKRKNCES/ KQUI PMENT/ MATERIALS 

None 

INSTRUCTIONS: 

1.  This  progress  check  consists  of  ten  items.    You  must  correctly  answer  sPven  In 
order  M  receive  a  satisfactory  rating  on  this  progress  check! 

2.  When  you  have  completed  this  progress  check,  return  it  to  your  instructor. 

3.  If  you  have  no  questions,  begin  your  progress  check. 
DIRECTIONS: 

Below  are  ten  statements  containing  information  which  is  false.    Correct  the 
statements  so  they  state  a  true  fact.  wxi^i.^  unf, 

1.  Oxygen  deficiency  is  a  minor  hazard  in  wastewater  collection  system. 

2.  Prjrsondlly  turn  off  and  tag  all  power  equipment  before  starting  any  maintenance, 
flltertvsh^  below-ground  level  area  where  gdses  may  have  collected  requires  a 

4.  Emergency  electrical  first  aid  consists  of  two  basic  steps. 

5.  Your  first  move  Is  to  turn  off  and  tag  all  power  from  any  electrical  component. 

6.  Always  start  a  positive  displacement  pump  against  a  closed  discharge  valve. 
7-      Work  alone  while  mowing  or  burning  vegetation, 

«.      Apply  water  to  a  chlorine  leak  as  this  will  indicate  the  leak. 
9.      Maintain  slip  surfaces  on  all  ladders,  stairs  and  catwalks. 

guiJeJ^forvislo^sf  ^  expected  to  interrupt  their  work  to  act  as  safety 

11.  When  you  must  lubricate  a  machine  while  it  is  operating.    The  fittings  should  he 
at  least  6"  from  any  moving  part.  ^  ^ 

12.  Sludge  digesters  are  comparatively  safe  when  empty,  but  more  dangerous  when 
partially  filled. 
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UPEKATION  AND  MAINTESANCE  OF  SECONDAKY  TREATMiiNT  UNITS 

Ui^JKCTlVK 

While  visiting  a  municipal  wastewater  ^ilant,  observe  the  operation  of  the  plant  and 
£>qulpment*     Use  u  schematic  to  trace  the  flow  and  identify  the  compcnents.     Use  a 
ch»3cklist  to  list  the  maintenance  and  safety  items  with  no  more  than  three  instructor 
h  ss  Ksts. 

H  KP  KK  tNC  KS  /  KQU I  t^MENT/  M  ATKK I ALS 

None 

INSTUUCTIONS: 

!•      This  progress  check  consist  of  three  parts.    You  must  correctly  answer  all  parts 
order  to  receive  a  satisfactory  rating  on  this  proi&ress  check. 

2.  You  are  authorized  three  Instructor  assists. 

3.  When  you  have  completed  this  progress  check,  return  it  to  your  instructor. 

4.  If  you  have  no  questions,  begin  your  progress  check. 
iJlHblCTIOHS: 

Complete  each  diagram  pertaining  to  the  different  plants  observed  while  on  the 
field  trip.     Trace  the  flow  and  identify  the  plant  components. 

Part  I  Burkburnett 

II  Klectra 

1 1 i     Iowa  Park 
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PROGRESS  CHECK  IV-8j  (Cont^d) 

Figure  8-1.  Burburnett 


Figure  8-1.  Burburnett 


21. 
22. 


Laboratory 
Office 
I>rying  beds 
gas  burner 
anaerobic 
digester 
punps  to 
digester 

supernatant 
tanks 

blowers 
barnuttior 
bar  screens 
.  parshell 
flume 

line  to  oxi- 
dation ditch 
final  clari- 
fier  for  new 
plant 

A.S.  return 
line  (old 
plant) 
A.S.  return 
line  (new 
plant) 
oxidation 
ditch 

line  to  river 
weirs 

chlorine  con- 
tact tank 
plant 
effluent 
aeration  tanks 
mixed  liquor 
flow  . 
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Figure  8-1.    Burkburnett  Plant 
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PROGRESS  CHECK  IV-8j  (Cont'd) 


.  f 

9 
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Figure  8-2.  Electra 
1. 


2. 
3. 

4. 

5. 
6. 
7. 
8. 
9. 

11. 
12. 
13. 


_  Oxidation 
"  ponds 

Inihoff  Tanks 

primary 
"  effluent 

recirculation 
box 

office 

lift  station 

drying  beds 

sludge  valves 

Irahoff 
influent 

grit  chamber 

bar  screen 

wet  well 

discharge  to 
ponds 


Figure  8-2.    Electra  Plant 
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PROGRESS  CHECK  IV-Sj  (Cont'd) 

Figure  8-3.     Iowa  Park 


Figure  8-3.     Iowa  Park 


m 


K:^  r 

1 

Admin 

Room 

1. 

2. 
3. 
4. 

5. 
6. 


8. 
9. 

10. 
11. 

12. 

13. 

14. 
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Drying  bed 

bar  screen 

contact  tank 

reaeration 
tank 

blowers 

underdrain 
sump 

chlorination 
room 

grit  chamber 

aerobic 
digester 

pump  room 

parshall 
flume 

final 
clarif ier 

measuring 
device 

grit  pump 


Figure  8-3 •     Iowa  Park  Plant 
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OPERATION  AND  MAINTENANCE  OF  SECONDARY  TREATMENT  UNITS 


OBJKCTIVK 


.vst..m^''?HJ^f'?'''^^^''?  ""^^^^f       laboratory  test  controls  of  an  activated  sludge 
orst^misrte  c'or%:^  ^""''•"^  according  to  AFM  91J2.  Four 

HEKKRBNCES/ KQU I PMENT/ MAT BR I ALS 
None 

INSTRUCTIOWS: 

1.  This  progress  check  consists  of  six  items.    You  must  correctly  answer  four  in 
order  to  receive  a  satisfactory  rating  on  this  progress  check, 

2.  When  you  have  completed  this  progress  check,  return  it  to  your  instructor. 

3.  If  you  have  no  questions,  begin  your  progress  check. 
DIRECT  CONS: 

nhr««!'*fl'^i^H  t^^  '^'^^  ^^^^       selecting  the  correct  test  for  each  fact  or 

phraser  listed  below.     Test  items  can  be  used  once,  more  than  once,  or  not  at  all. 


.  1. 
2. 

4. 
5. 
6. 


FACT  OR  PHRASE 

Can  help  the  operator  identify  organisms 
which  may  cause  problems. 


Relates  the  weight  of  sludge  to  the 
volume  the  sludge  occupies. 

Solids  retention  time,  or  the  average 
time  the  orgpnisms  remain  in  the  system* 

The  volume  in  mLs  taken  up  by  one  gram 
of  sludge  after  30  minutes  of  settling. 

Indicates  the  concentration  of  oxygen 
in  aneratlon  tank. 

It  is  used  to  determine  the  concentra- 
tion of  solids  in  the  aeration  tank. 


TEST 

a.  Dissolved  Oxygen  (D.O) 

b.  Sludge  Age  (S.A.) 

c.  Sludge  Volume  index 
(SVI) 

d.  Sludge  Density  index 
(SDI) 

e.  Mixed  Liquor  Suspended 
Solids  (MLSS) 

f.  Microscopic  examination 
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OPKRATION  AND  MAINTENANCE  OF  SECONDARY  TREATMENT  UVITS 

OBJECTIVE 

Given  Infomtitlon  and  a  troubleshooting  guide,   Identify  the  nalntenance 
requirements  for  each  activated  sludge  system  by  selecting  the  correct  action  to  take, 
Three  of  five  must  be  correct. 

RBKKRBNCES/ EQUIPMENT/ MATERIALS 

AFM  91-32 

INSTRUCTIONS: 

1.  This  progress  check  consist  of  five  items.    You  must  correctly  answer  three  in 
order  to  receive  a  satisfactory  rating  on  this  progress  check. 

2.  When  you  have  completfid  this  progress  check,  return  it  to  your  instructor. 

3.  If  you  have  no  questions,  begin  your  progress  check. 
DIRECTIONS: 

Uso  the  troubleshooting  guide  iu  APM  91-32  and  your  study  guide  to  select  the 
correct  malntnnance  action  to  take  for  each  statement  listed  below. 

1.  How  can  greiisi*  and  scum  be  prevented  from  enter- 
ing the  aeration  tank  of  a  contact  aeration  system? 

2.  Ht>w  otton  are  the  following  Items  of  a  RBC  plant 
checked  or  Inspected  for  preventive  maintenance? 

II^M  INSPECTION 

a.  unusual  noise,  vibration,  heat 

b.  smooth  disc  rotation 

c.  lubrication 

d.  chain  drives  and  alignment 


If  septic  conditions  are  noted  in  the  primary 
tank  of  a  conventional  A.S.  plant,  what 
maintenance  action  should  be  taken? 


4.      if  septic  conditions  are  noticed  In  the  final 
clarlfler  of  a  contact  stabilization  plant, 
what  action  should  be  taken? 


5.      What  action  should  be  taken  if  the  rotors  of  an 
extended  aeration,  oxidation  ditch  are  not 
working? 
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OPErtATION  AND  MAINTENANCE  OF  SECONDARY  TREATMENT  UNITS 

OIJJBCTIVB 

iopklng  as  a  team  and  using  a  scheaatic  to  operate  tho  wastewater  plant  trainer, 
locate  the  correct  valves  to  control  the  flow  of  water  through  each  processing  unit  with 
no  more  than  five  instructor  assists. 


Ri^FBKBNCES/ EQUIPMENT/ MATERIALS 
Wastewater  Plant  Tnilner 
INSTRUCTIONS: 

1.  This  progress  check  consists  of  operating  the  wastewater  trainer.     You  mast  follow 
the  instructions  in  order  to  receive  a  satisfactory  rating  on  this  progress  check. 

2.  When  you  hav«  completed  this  progress  check»  return  it  to  your  instructor. 

3.  If  you  have  no  questions »  begin  your  progress  check. 
niRBCTIONS: 

Work  as  a  team  and  follow  the  checklist  for  operating  the  wastewater  trainer.  Use 
the  diagram  to  locate  and  identify  the  valves  according  to  each  plant  unit.  The 
instructor  will  be  available  for  assistance  and  direction. 


Instr  initials 
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a. 
b. 


WASTEWATER  TREATMENT  TRAINKR  CHKCKI.IST 

Open  the  valve  or  valves  to  start  a  flow  of  wastewter  through  the  trainer. 
Check  all  valves  on  the  trainer  and  be  sure  they  are  closed, 

villi  lnlbl]-°n?'°'^^         ^'^^  chamber,  bar  scroon.  and  the  com,nlnut.,r  by  op^nlnB 
c.      Open  valve  number  13  so  flow  win  fill  the  Imhoff  tank. 

J^Lrlr^  number  17  and  number  19  to  remove  sludge  from  Imhoft  tank,  op.^n  valves 
number  10.  number  1.  2.  3.  and  4  to  get  sludge  to  drying  beds  from  imhoff  Unk. 

e.      When  completed  with  project,  drain  the  Imhoff  tank  by  opening  valve  number  18  and 
Shu?  Sff^        "  ^  '2  i"  open  anS  valve  number  11  Is 

t.      Repeat  step  b. 

g.      Open  valve  number  14  and  begin  flow  through  primary  settling  tank. 

fo^Hi^'liJ?^!^,^®**^^?*  oPS'a^^e  skimmer  and  sludge  collector.     Draw  sludge 

to  digester  from  primary  settling  tank  by  opening  valve  number  21.  valve  number  8 

rnmL;**,  ^T®^       I®?^^*'  diuester  when  It  has  flll.,.l.     M.ikr  sun;  valvns 

number  1,  2,  3,  and  4  are  open. 

1.      When  this  Is  completed,  open  valves  number  10  and  number  5C  i.~  drain  syst«jm. 
J.      Be  sure  valve  number  22  is  open  for  effluent  to  go  to  the  trickling  niter. 

Then  transfer  wastewater  from  trickling  filter  to  secondary  settllnK  tank  bv 
opening  valve  number  25,  then  activate  pump.  aettLint,  laiiK  oy 

filter  and  secondary  settling  tank  by  opening  valve  number  24 

and  26. 


h 


k. 
1. 


m.      Open  all  valves  at  this  time  for  trainer  to  drain. 

n.      Leava  valves  open  to  allow  for  drainage  of  trapped  water,  reducing  corrosion . 
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LIST  OP  VALVE  NUMBERS 


Pro treatment 
Preliminary  troatment 
Primary  treatment 
Secondary  troatment 


WASTEWATER  TREATMENT 
TRAINER 


LtQtnd    of  Symbolt 

Symbol 

Ooterlption 

1X1 
1 

VALVE 

UNCONNECTED 
LINES 

1 

Figure  8-4.    Wastewater  Treatment  Trainer 
^   STOP 


Before  proceeding  any  further,  have  the  instructor  check  your  work. 


Instr  Initials 
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TKRTIARTY  (ADVANCED)  TREATMENT 


OBJECT [VK 

Given  a  list  o^  incomplete  statements  and  a  list  of  terms  and  phrases  related  to 
advanced  wjistewater  treatment,  select  the  correct  term  or  phrase  that  pertains  to  each 
stati?roent.    Si^ven  of  ten  selections  must  be  correct. 

RKFKRKNCKS/  KCJU I PMKNT/  MATKK  [ALS 
None 

INSTRUCT  I0^?3: 

1.  This  progress  check  consists  of  ten  items.    You  must  correctly  answer  seven  in 
order  to  receive  a  satisfactory  rating  on  this  progress  check. 

2.  When  you  have  completed  this  progress  check,  return  it  to  your  instructor. 
:i.      If  you  havi)  no  questions,  begin  your  progress  check. 

DfRKCTIONS: 

Complete  thi3  statements  listed  below  by  selecting  the  correct  term  or  phrase. 
Selections  may  be  used  once,  more  than  once  or  not  at  all. 


STATEMENT 


TKRM/PHRASE 


1.  Advanced  wastewater  treatment  will  remove   

and  solids. 

2.  The  three  treatment  procHssos  that  can  be  used  in 
AWT  are                           .  ^  and 


3.      Bfisic  units  in  AWT  systems  can  include 


,  and 


4.      Three  chemicals  used  to  help  remove  heavy  metals  in 
AWT  are    ,    and 


5.      Sovf>ri  uf  twelve  types  of  AWT  are 


and 


a. 

coagulation 

b. 

nitrogen 

c . 

coagulant  aids 

d. 

mic ro screening 

e. 

biological 

f . 

filters 

g- 

flocculation 

h. 

stainless  steel 

i. 

lime 

J. 

plastic  fabric 

kt 

denitri  f ication 

1. 

chemical 

m. 

sed  Lmen tation 

n . 

ion  exchange 

o. 

filtration 

P- 

physical 
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6. 

Organic  polymers  are  used  as 

activated  carbon 

7. 

Pllterb  can  remove  and 

r . 

ferric  chloride 

8olld8  frrm  wastewater. 

8. 

organic 

B. 

llicroscreens  or  mlcrostrainlng  are 

f     Wll  X  V  1 1 

t. 

sii.spend<;(i 

are  made  of  or 

u. 

Klectro-dlalysls 

• 

V. 

carbon  absorption 

w. 

collodia) 

9. 

Carbon  filters  are  used  to  remove 

iBattor . 

X  . 

y. 

revorsu  osmosis 
al  11  ml  n  um-s  u  I  fa  te 

10. 

Dentrif Icatlon  is  the  reduction  of 

to 

z. 

nl trato 

and  then  to  ^as. 

aa. 

nitrite 
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TKRTIARTY  (ADVANCED)  TREATMENT 


OBJECT  I VB 

Givi^ri  Lnfornatlon  and  a  troubleshooting  guide,  and  four  problems,  list  one 
corrective  op<?ratlonal  or  maintenance  procedures  for  a  phosphate  tank,  denitrif ication 
unit  and  a  carhon  filter  lAW  APM  91-32.     Two  of  four  procedures  must  be  correct. 

H  BK  KRE  NOES/  KCJU I  PMKNT/  MATER  I ALS 

APM  91-32 

INSTRUCTIONS: 

1.  This  progr«3SK  check  consists  of  four  Items.    You  must  correctly  answer  two  In 
order  to  receive  a  satisfactory  rating  on  this  progress  check. 

2.  When  you  have  completed  this  progress  check,  return  it  to  your  instructor* 

3.  If  you  have  no  questions*  begin  your  progress  check. 
DIRECTIONS: 

Use  APM  91-32,  table  14-5  to  answer  the  following  questions  which  pertain  to  the 
operational  and  maintenance  problems  of  the  AWT  units. 


1.      Chemical   feed  units  are  not  running. 


2.      PV>or  floe  in  the  phosphate  precipitation  tank. 


3.      TVvo  many  suspended  solids  in  the  effluent  of  an 
activated  carbon  unit. 


4.      The  condition  of  wastewater  in  the  denitrif ication 
unit  is  turning  septic;  pH  is  5«8. 


Before  proceeding  any  further,  have  the  instructor  check  your  work. 


PROBLEM 


CORRECTION 


STOP 


Instr  initials 
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or.sf  NPKrrroN  procksr 

OBJKCTIVK 

-««n2i^®V  of  a  wastewater  plant,  identify  the  points  where  chlorine  may  be 

applied  and  complete  written  statements  related  to  wastewater  disinfection.    All  chlori- 
natlon  |)oInts  must  be  identified  and  ten  of  the  fifteen  completed  statements  must  be 
correct • 

RBFERENCES/EQU I PMENT/  MATER  lAl.S 
None 

INSTRUCTIONS: 

1.  This  progress  check  consists  of  one  schematic  and  15  incomplete  statements.  You 
must  correctly  accomplish  the  schematic  and  answer  10  of  the  15  statements  in 
order  to  receive  a  satisfactory  rating  on  this  progress  check. 

2.  When  you  have  completed  this  progress  check,  return  it  to  your  instructor, 

3.  If  you  have  no  questions,  begin  your  progress  check. 
DIRECTIONS: 

Answer  the  following  questions  pertaining  to  disinfection.    Complete  the  diagram'by 
indicating  the  chlorlnatlon  application  points  within  k  treatment  plant. 

1.  What  color  is  chlorine  gas? 

2.  What  type  of  imterlal  is  roost  often  used  for  feeder  lines  on  gas  chlorinators? 


3.      Other  than  disinfection,  what  other  reason  can  chlorine  be  used  ahead  or  within  the 
wastewater  plant? 


4.      Why  would  chlorine  ha  used  in  a  settling  basin? 


5.      Why  would  chlorine  biJ  added  to  trickling  filters? 


6.      Why  would  chlorine  bo  added  to  an  activated  sludge  system? 


7.      What  aro  the  four  forms  of  chlorine  used  in  wastewater  treatment? 


8.      How  should  150  lb.  chlorine  gas  cylinders  be  stored? 


EKLC 
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What  are  the  four  steps  used  for  handling  the  150  lb.  chlorine  cyllrulnrs? 


10,  What  type  of  gasket  material  is  used  to  make  a  seal  between  cylliulHr  valve  and 
chlorlnator?   

11.  What  should  be  checked  before  opening  the  chlorine  cylinder  valve? 


12.     If  not  enough  chlorine  gas  is  being  discharged  to  meet  the  demand,  whnt  action 
should  be  taken? 


13.    What  other  types  of  disinfectants  may  be  used  at  treatment  plants? 


14c    What  procedure  should  be  taken  when  performing  maintenance  on  chlorine  equipment? 


15.     Use  the  diagram  below  to  identify  the  points  where  chlorine  may  be  applied  for  a 
specific  reason  or  treatment  by  drawing  an  arrow  at  the  point  of  application. 


Figure  10-1. 
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LOGS  AND  REPORTS 

OBJKCTIVE 

the  f?^ZT  ''^''"^  I  wastewater  plant  and  AF  Forms  1462  and  1463,  complete 

cue  rorms.     Pour  of  the  seven  entries  must  be  correct. 

REPEKKNCBS/  KQU  f  PMENT/  MATER  lALS 

AF  Form  1462 
AF  Form  1463 
AFM  91-32 

INSTRUCTIONS: 

2.  When  you  have  comploted  this  progr«s8  check,  return  it  to  your  instructcr. 

3.  If  you  have  no  questions,  begin  your  progress  check. 
DIRECTIONS: 

Ccmpleto  the  following  questions  pertaining  to  logs  and  reports.     Fill  in  the 
information  askod  for  on  AF  Form  1462  and  AF  Form  1463!    Pour  orsev;n  must  be  Jo?rect. 


1, 


Most  Information  pertaining  to  plant  operation  and  maintenance  is  gathered  from 
what  source?   

2.  Using  an  AF  Form  1462,  what  is  the  maximum,  minimum  and  average  influent  pH 

•finding?  

3.  Using  an  aP  Form  1462,  what  are  the  settleable  solids  readings  for  ig  June  1957? 


4.      Using  an  AP  Form  1463,  wh,it  Is  the  maximum,  minimum  and  average  raw  BOD  readings? 


5.  AF  Prom  1462  is  prepared  in    and  posted 

6.  AP  Form  1462  Is  reviow«d  monthly  by  the 

7.  The  second  copy  of  the  1462  Is  forwarded  to 


11-1 


O  Q  1  Q 

ERIC  ^^^^ 


WAHt  MUUTIOM  CONTIOt  UTIUR  OrWATlNO  100  (OINIIM) 

I  «UIM|I  ;  I  I  I  I  MAtrC.r...   


■UPWB*? 


till  f i  I  I 


n 


HA 


JO. 


ut 


[On 


art 


lit 


Mir. 


44 


JO. 


5iC 


nun 


7.3 


J/12 


Mil 


ft   w  'it 


a  Iv  Iff 


-«2__U 


SITrLltlLE  SOLID! 


_fl  O 


7.«l/;t<oln>. 


4£ 


illilii 


I 
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m4 

i2A 


1^ 


^ — — r' — I  ( 


-m- 


1^ 


H  r*™- 
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 , — ;  '  ;/.fw»! 


-JJUL 


60 


«-  Kin 

^6 


f4 
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AP  Form  1462, 


Water  Pollution  Control  Utility  Operating  Log  (General) 
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IF  Form  1463.    Water  Pollution  Control  Utility  Operating  Log  —  Supplementary 
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